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CMntoKUinplllfltCflik PltfUrMMl I^PfpMMiHlMI 9» aMRv (PMPV A )^ p(Hn9NMI 
2m 
tmta mBt@ pm^tomm^m tt mm eampl^^ Hm^ ^ m inw^lts ttmt 
, pimmh rmmU ^ Ifm tW) Mfoei;®^ tb up^tm m^%p%hu%&^ 
of nmnmrn^ mmmA^ mmmUmMr^»^&*aaeaMwft> i^ ama 
to ^ l-sesl 2«slac4 l^st^ of ^is vl^ wsg sultal>l*i nes? c*M;tltativ@ 
1^1 *?*o« lew ti««i ptspin^l ^ ^m&mt oatlji^* 'ilw cost ^ffi^ci^m 
mfthxaf^ iiMeli IM» flmllr ^^i^l^ liwal^^ ^ t i ^ t i a n i^ f tM ^fims 
*liTit1tiPtf t w H i MtMi in«frlti>fiiiairt I )SB Hit dasjbi of WM^tooftlBlittsri 
iMWt iHBi« m& ppopmttim^ nt ttw vimm^ f t 'mat ^mmyamA Wm% 

Tim sutler filslKss to m,pt@Ba hie sim&m g««titi«lo td 
Mualte iliivjj iiltif$ rMtias^f fOJp iSMsgestlisg th« phobias, smA 
Ms eou&tSQSit Gavie©f goidsueu aaci o?2©oaaf«^ ia*aBt riiiFtoe tli© 
QowsQ of iavostleaticxi na^ ! la 3^3@ writsag ijy, of th^ 
"^HgQjth tov ^roridlacs S£^«0sai3r 3Aboi»at03^ * imeSXltim aad 
' 2?ofesDOi* b^tir*:* .li^S| 'or^ rsTtKuat of ©tm^t -Ifea^ '^•'-^--'i-ls* 
ISii'^ 'cs^ltsff ,*Xi{:cii^ i fes» pttJiViaiEtg nlaeshoase space* ll-i© 
u^ jtliOi* ic, aXuo te^^toa t© iJr. *)iei: j €it©rs for toi-ring oic2ataroa 
'jfep«is?tiauQti of Chtsfjiats^f '-#11.4 'n'ilToroitgr for feor h©lp t*i 
»tm dxiQ to i^« J«bii>» '\« iJftf^f .7iviai€Si of P2]^ aioloe3^ of 
sine«v9 tlbmtet «r« ii290 due to Hv* H i^aimaid mshisoor 
&jrfi»ts CQ^dmtoif 11m -^Ul^li ^ also g^ts£ui2^ i^ >4rioi7l4»dg(»a» 
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WIMMMMMMM 
m X m 
ai&li m& avm^ ^O&B of thost thiisgs In nMjuh othm fmfA 
di@e0tim of Qfi«t| Qiio«(iisi fiiail Ptlm» ta>t^ toeAa im^ t^m^ 
ThQ lBpo9t@ao@ c^ veg«ftai!>l.t0 QS) im Mportmt part 
wofSA* In imtu$ mtiii%hatmdtnii tim fmt ^htt « 3iax«« 
v«@0tfil»i«s m^ &midt«d lir satsiir ^Umsmf not th» 
HQftUtir* llue^ l^ irir not »m^Y9A flnoiiili sttiatisB dii« to tib» 
* 2 
During t^in &ovae»^ of nxairtf/ for vixvm. di»0fiui«8 of 
T«eotMil»l«8 in aiigAfU tiro (iiMm»m 6immc%mXB^ W nm&iM 
lilitlHIIBi '^'* fi^ ^^9 Qtime »pijm&hf MtMUM f>iaffflqfi^  i* 
Bol^ Q^  ^ 3m& ^»m»m ti@r@ foima to 1^ of yid« oeoiirrioo« 
la AXigef%« A vmtim of liti^ittix^ stonoS t ^ t »mmm% 
ifSmmm mm msp»v%9d fm etim^ & nomijs aiafdoso of biriiijal 
tm% 80 fat tli«to U no yis»ort<»d ooo^ fi^ eaQO of sm '9imm 
IM» oao of t ^ prlnoii^X v«g€flMl»1.^ « It i0 Qn3.tivafi«$ tiis^ otagb* 
omt tb© eomtfsr fts «» r^mml. fof it@ oail^lo fxiait fiond ii^ 
fttte&ioci ociniMi»ii^2^ tt^^Hmnn^ m a o£mi«roi«ii o$op« 
CcaitaMisr to poimlaJT tmtl^ i t i« M#t la i^ iat^ rltiiro ifSklxm m^ 
i s alio sfopc^ rtadt to iiavo aoao »«4iel2iai vaXtia* 
apinaohy §,% .^ i^^ fjp^ ^ is tm& of tlto itoat loiK^tmt 
polMMv^ oif gvotfia i»Qbd !»a Inttoiiod gtvttlr ii^  l&povtassao 
during yo««it ^mmm splnattli ia ifloh In ©laarals m^ 
•it«Rla A tfWl ooBtalAi irita»lft B^  c ai&tl 6. It ia also ii^oitaat 
aa a 90o0bt0$^ 
Hdiaaticiis of diffavanaae ixk hoot nm^ «BA i^ posiav* 
tiaa of tlM Tiffoa in pliot aap 8»<l pimsi% of lafometiiii on 
Wii& gap* Em3^0 t&0 ppmmt immU^tim wm t&km v^ to 
nulBt fk A«l«il«d itttst^ of bvlajAi Qdiaie and splnaoli s^ Mmie 
*i7iimii»» ^0 iw t^aliUsts ^h» idwititif of tiae tiiiiiMt onutlns 
iifmm&tmiM& ^mn vimmm^ H&lp tat mmfm%im9X m^ pmmi^lm 
wX^ &p$sm^ &m&i'» Vitus m^ Vmsft n wills li»l&|iil sdM 
P A S ! ? 1 
iwrnxm no^rxm vw$: 
4 * 
'j'cjggm Cl!^3) ^Qoes'Ibod ths*m ai.STo§r«t visits cll3©8»®s 
of ori25®e!i| i2j2toMto ^^mmm* *^  cc«4oiisa©a, m m© fcasit* 
of fflQiBptcns mj Mmviw®? sa css^^ln <?«»m !s5 t^s> Um% m&U 
of tl}i38@ Slir^g^ i t ai2Q to 121 aistls^tf @i)oeafio I'lirmi* % 
mmuuttm m^ w tm ®pfei«a mm& ims^Mm «»s mmmUam 
8ig,1tetffeiU* tie pr®dwt©d 3irMi»e<i to sl^ oif tNit ^ e ditoetd 
VmXth (lias) £s M^tioal. nith «imt@l»iff m s^uli^  m spln^h* 
li^ mmm of &phSM ms^ W m^iiS!$A$M% immuMtiaix ^mmm 
to^afttto Fii^ spot mm tam^ t& tm tm^il^ tamimMlmihlm W 
mftitUiAt InoeuXfttim !mt mt ^im^miMnim, Qf %t»3 irirmt warn 
cMraiiiflRg irifiia di8«««o of 8plii««ii » ^ i^ iis&dli y^ittm ^hmei* 
fhigr founa tliRt tb« boyt ««Rgo of ^ M timam U limit^i ^ 
« s * 
to ]k3 imllXm ««r« found noa^sixeo^tib&e to tlio ^ttm» 
fHo H^r^m poteti tphMy H* p^pjjtffiftf ym Am^otmtamt^ to Ist 
• "Toitor of ^ o T ix^* thi^r lmr«itigftt«d ttio p^slo«l 
proporti«o of the irivua Sn ^Xaat mp mA tmrn/S^ ttmt tlui 
fimm Mm l&AOtiTntod ot £^^ Sa XOnsimtto «tE|io$ui% IA^ 
«stif«&t«i f^tm djUiOMi^  spioaeli ftMits ^»pt «t<4a% m» m/t 
irifus o&mtm& mi%m tbo vifisfi «etfs»ot itnyt «^ p{»i«(S to iiN» 
«JUr «t «^ 3» t«ep«8E>fttii?t for ft p«rioi of i dt«r0i ^immmit 
to Ailuttim of «KtjmotflS disoftioil fts^liui«^ iuloo i^ iwi l,i^|00O« 
la aoMfi«»l^ sua imM. thut aplnaols «& aa^jomllr It^^etoS 
$A CRUfomla tiiltk sRigar l>oft eootio «tia ^ o oi^ t»l^ i3» intwaiii 
"vijmooi ^mh tm oaltoS ^^utetoffi nmwtm m^mU mS o®3.^ i^  
e«lioo**f m i*<ri>Sftoa lisctt ttio msptmB ^ ta^so l^oo 
<3liioiMiiKi OR. dplAAoii Q^spo stel-li4Sty 4itiid tlio vijraiois oosiM bo 
dliStl^iitiiboiS I r temmtmewtm ^ ^ to sugov hmlm in i^loli 
tIMi iQPsiptoiiiii wm m^i^lmt^ SiatlmrtiTO to poresit idaitti* 
fi9ftti«ii« Ho fu»tiior facKiS tliat imdor mtutfti ocnditiaio 
ll» J iH l iM i i« i^Mi ttoot Is^jovtant v-eotor Gt ^m ^ivoo vlxuooo* 
moMm iism> ot^ioa oix iiff«ar«Kt Tifuo iooio^v 
• l i iJi lo of M M H N V 'wimm % iwmwthm aooolo) en ttio botio 
of ofooo |i»o««oli«i t i i t ^ m foima tlw thornol tnootlmttiim 
wp ^jp ^^p 
wtrm imm m aif«a8«a spSiuAti plmt ma dt»liii«t«ft i t a« 
p^epfcties in plmt mp «ta t»tii«Bis0im of this stswiB «Qfl 
eoQpttinpdi It %?i^  tl3S«9 otli^ Xe^ vi9ui«Qt »tx«j^ of 
w^^ ayj^ ff m^ In BpiiiftQhi 1^ * a^^ cfi^ .fy (!^a«ii 1070)« flm. 
iHm» i s t3^»^ittedi tiitti SiffianXI^ Isr cismial. laocmlstim 
V9^mm In t^9 fii>M tl^ s^ igh mem^ thm ^ &fmim oS fiphids 
ttiNi at»i0 to tvisiaetit tli@ vivos CEiamfid^ i Dugr «ad r^ n^ tt^ ^ 
1968)« Tven^iisfliim ip of tlici 8€&i^p«r]iist«ii^ l9rp« (tfntsorii 
i9A@} .'.^3¥«iit«r| iS^)« De@t f^Xlsm rism i» a fl^ naums 
f iliss^itotw iwti«l® i^ »ixt« l a ^ « %jsm m&lQm m ^isemtum 
(Hom^i Btissfti m^ 'Swimn ii@@)* iiii00#i (i0?o> M& vv^misM 
t^t Wm l&mm&l ixmsttwaMm^ imSnt in mp i s a&nnl B6%« 
aiiti«i€ri €13^  poUiit i s 1^ tci 10*^ aefrioSliig m hoiit p%se&% wod» 
iBfQQtivitsr i s r^nlzma t»r mor« t^ bna 3. di^ m% !36%« 
Tflifiirif i»<A ^  opi»mMiit fttlfiiili ft^iffpifii (aosvcif itn.) * 
9ti# wiifm U « fi«K»atui9 fi l ismtoai i»»tiei# tk'bmkt 790 an 
tm§ ana IS an In diais«t«r (SiniMt anA SMmdtti 3J6e)* BM* 
«fc ^ • • 
liPh V f ^ m W WBF ^iBr^llWpffwF^iP^^ ' ' IFPfr l ip^W*|(F JF^^ ^WBH^ ^IF'i''^ Tr lB*^Wf •'^PBr' 1 ^ ^ M * ' ^ ^ ^ ^ ^ ^ j ? ^ ^I^IPI^ w •WWII" W^WPIPTHHI^ 
fji i^ plniicai til® vimm 0&mm mmmtm^ mmtl eimimf nbloii 
Ismm (flaas«l| 3t07ii« citloi^sis «»d ute^osis of ^a oMm 
fttmEml i^L-amtlm^titM point %mn tmik& im h^ ba^fom 6& ini 
60%| aiiaiiicii mid x^snt im tn x^d^K) m& 3af«etiiritir IMIS 
s 
ml%lm%Xm. g^  „tillg $ilm%* ^^ ^ plmt» wmm ts^am in pots 
l» «i $at2£t!ar<s off &m^$ mt% WJO. ^imupmt in ps?« j^oetlcfi of 
3fc • 8 » i t .„oJlX 5iiiu ii^miUM^ fe7 esit?oo:ts(Vlii^  f&jp 1 Im at 
SO l£> |H?o0Scu(!^  md ms Nl?t oy<^6tiS^^ 6t ipom tcusip^ mtuam 
\t&^ utrnfiHmf^ l3gr r l n a ^ u i ^ 6 par emt ftmaftiailsg^d 
ftolutim* P0t9 ^1^0 fiaiDa v i l t i soil M tm ftftsr irlntSag* 
IflilftltlliW yfi|it|fsf f« %;i^ mmt m @ irtxua scmi^ ir pii^l^« 
a»»ir piiBit* £# jtWirffffiMtTT I^tf ptm^ %mm teinQpa in pot» 
PIMM ^ i B 0 la iiifli« l^ laafft irar« n^ aat tmt h$a»m»m^ 0 n^eisi 
• f t i » tMnsp3Mit«tiUfi# AU plaats noira saisea «iiil fis^ la 
«a laaa&t ipveof fl its* iKxiiQ at a tm^^m^ojm <^ BO « 3(^» 
Yiiiii flititfBrB^ 1 ^ mnawft ar toM^jJiim* "^^ uouu or 
9p^m«lh moMOo triiiia <aw) toaeil la thmm &tM$m m» fi^titttlaatl 
t9m a dlnaawid tflaadli ^llirteffili Q^^pjfffft 7^ t) irlaiit i^awlag 
ta^ala «mptoB» rowd la Allgavli* Oiilt»9« mm malalalaad 
«A 1 * ISHUBi ^ paviodlA aaja laooulfitioa* to «a«iix>e blalagl»al. 
m Q 
9iiri% of ^t« virus m^ to ollialiidto poeaib}^ ecatafsitttttise 
vimmm £mm thu etiltsirt^ Qllntiasm of 1 ^ mm ««?« tm0ii» 
ma ^tmUtm m tho %m9m of £# gi^ Mwntlci>3^> a plmt 
on i^i«h loBftl Soolma «»« f^m«s Ir tiMi vlJKUi# tmlom 
^ix^le misiB&^ %mijixm %^m0 mm^&imS. m utx^m wittt t!i# 
tmip of 11 ztma spat^ Sfi In e f^ra^ of o«a^ plimiitete lufirtv 
Ffots mo of tli«i# p'l^ts ^Moli dtw#3<»|H3@ isrin t^ms tdiQ 
miltisifo IMS ttm^ikaet i3£tlatiil»«^» It vm eiimkmi W ^>&^ 
SsxQQ^lMtim tf> ur^tm^h m^ @w^e«3. mhissp ^sto^Jb mil %M»mt 
tmim hosts of Hie viiiii# c^ i|» f SCKI luf oet«a pumts wm 
m^s^mtoS^ W mmmmf^m ^ euag lomm of g* XJiilblldlf Inocmlfttoai 
a*^0 SK^S o ^ U ^ f In « movtiur ^ t ^ pa&tlo mftm n^ittcn 
of o«e H ^dptiato tmifm pH 7*0 end o«d n 0o3im «ia^iit«« 
f^ oooH 0X8B or pl«ii% eotoriAl 1 nl oC £»ls^ iplmto tmUrn mi& 
I « l «r 9(Ai3m 8ii3|^%« i«ui t3»oa» Sit wm O!)^ al»odi Ir 
t^ ffMiotag ^ 0 mooifoto Wat^mh tuo 2«^«i» of elMHMi««»olo^ * 
f l ltO W l i i O t n o t tOUtlHOa^ D8«d 0 9 IjOOetllim I^ JT Uttlnlttitolllff 
mm viMw ottXtofo* f)to tl«r«« lowov sost ^oiroi vovo s^iooi»» 
ooflMitiuiUi iOO nofik «» •» i^ KiooJfcf•«, tooro* noro jrlnood iriMt 
* i«5 * 
ommmt »pm%m oaf picnts nwr* 
Siioei2lAti«el yitb i^@ itolfift# <»f ^lf» Sup f«cia 1* ffujllm 
f« i«^ isi tsVisi^ pote of 4 In im& 9 In diaBMnt^ f* llEieemlii* 
tiam ¥6B*0 Ami! i9is»i{il%F tiding Wm t(m9ism&^ ti^ ma^ii^ 
t?«i^ m^ f^r l»o«mS«tlm« All tl^ « ftiHsr «@^^^ iMfVit 
.&f s^ptmum fim»f &mMm&m emi ^mmfi^ @f t^ptem %mm 
Rlltf^ ffll tf f^ 'Wff* C0lQat«i of Tinii fiNio «]^ iiatt of i i M l 
31141 iiiMri^ !i«^ii a&f:^ !^  wm tsmi^mmfS, to t f t t i h t i t t i l ^ 
art 1»> #f ^m @i^m %im@ ^%m^ W Qtm9*m^im onS 'te® 
»i»wSi^ ^r#« oM plAEit@ a ^ fi^Hn ^arw tt«s!& !»I«i$t3 #iiiili 
• jHili^4Nil#l^ «w«Ptd 1 ^ ^ ^Nt I M t i i i pl«««fi In ft eoetl pSMft 
3^ » 
•ufllii oloth« Aitme Allonl^ Bg «ei|aiftitl€ti tm&im ^^sm of 
^ifimmt pmtiodm ams^ in ^%^hm of £K> «EIQ!I itot* Hvaasw* 
nith 3l«iit«m g$jm9*(Shiimim twvlug tc^s eo7«r«a with autllii 
e3.otD» ^fttr Qliovlag jjaocfOlatJUm fe«aiag time of di£imm% 
p&pio^ m t^# teat pXaatif e2a«£r«oMm«9r smt reEstoireS fi^ cm 
tli» plants « ^ aiiM^s :SIl«d t^ Maj^ ioc spstt^* fDft plaQt« 
vmm ptm^ m ths glttsu Wm& hmeh im ttm ^me^Mpmrnt «f 
' l?wt(^ ^tgepi^igiieiit m one ]i«t of «sp«pi^sKt0 soli 
sar^ pSea irf»?0 di;^  ffa2 si^ omd tb@ iroot «m«« of aSMm»^ 
^ixmeh plmtn gtmixk$ in tXmM^ fluwo mtmm Wm»mmh'^ mlx:«i 
m^ mrnlX nU^ucsts tvoire ttktn m^ m%3m^ with « t ^ l l 3 noiSl 
(sontali}«ii la i>otii* Il«a3.tl^  iKplim«^  p3«Eit@ irtr« titm tsv^ Mi* 
tiifuipl«iit«d In «tflEriUii«S toil. «<iit«la«a la pot» ind fe«pt 
M <ioatrol« 4X1 tltd plantt ywNi fe^t In tkm il«iid*l}oii9«» 
ISMT I«W» y«igtaar]^ i^«eic«d fer ty^i^tcits Atld w«r» im0 m^mf 
nHmmfvt^tlmk for @ wmkrn* M t^n o^ov »«t ^i mmmMm^ 
«oiX iMW «iili««t«A tttm ^tsfm^mt tamm of tli« pU^% la iMi^ 
4iiMis«d tpliMi^ p3jiit» vifa olM«ivodi* Soil ¥<!• 8l«r«A 
throtitti • set of tUivo* «liifis vith 360 mwh/liuili* TfrfffflBntfl 
mlTMi aiddiqlt 1990 i^ii^ py«d««lfUitoS In tlio •«i^l«» i«t« 
htm «eeteilA«^l^ ltioeu3«t«ft iritfe em 8 (S«gr» imtfiXm mf 
•«re«i«d th»oi^ tlbMi 8l«rt» Sos^ eoll«otiofi of nfli»«fso(l«ii* 
Wimfttc!ia«i vmm thm ianomtAiM to pots la nMsh li«Miit£r 
E* M ! M M pl@i3it9 if@r@ gf^ oi;li3@« HooatoSie Ti«ire ii^ iiS_ to 
tti0 pots {jgr timing tmlm nmut tl)« »oot nm® of the flints 
fh& ptjm:l» ms^m im^t m^mt dtrnm^utlm ^e» « period oir 
Qy&gt tymwftttMiicy$ fm 6 iii»@i» oia tc^aoo plmt$ i»lsoai 
singly Is 6 In poi^ ^mm solooted «i£l im a^ m »tmkm "Sm 
ti^mm p%mU SnoeulatM 0 €«rs @as^ lim» tjlth t^W sua iMtvlzig 
«lb« •%« 4i«»el»r «i 1 ^ %«tS,^ mod lieem 9#l,iaiit<Kl and ii8«a 
«s »«ioii% Tim iqpiMHr pWBft of tiM ft^o^ «»» VQiaoriiS tritli « 
•lioeii xMMr h%MiS,m mti& « icwotKOva « l i t ixit isiftdt In tli@ otm* 
All. I««ro» mm^t « foir oo tiie Immt »M» iriiro s>fl@ov«d f^ rcn 
tlM otoek* !»!• t;q?p«r p«rt of tim seiim vos out v i ^ a slaovp 
jpp ^ a^^W^I^B^ ^ ^ i P W P n ' * ^ ^ ^ B l ^ ^ * ^ ^ ^ ^ ' ' ^ • ^ • h B ^ T B H ^ ^ ^ W i p ^ ^ 9^*^^^%^ JHK^^^^ptv nlPIBj^ ! 1 ^ ^ W ( I P T ^ ^ V V ^i^flWwT|w ^T ^ i ^ ^ i ^ JBP • f c^ i^WB V M M H i V 
flip ^ ^ ^ ^ ^ ^ ' ^ ' ^ F ' ^ " M^^^^ *MV ^ ^ ^ ^ ^ ^ ^ ^ ' ^ ^ ^ ^ ^ R T^Wi^^l^ H^^p* liM^^pi^K^ ^W^mPI^ V^np i^MCWIMfli^ll^A ^ P ^ ^ VHK flW ^ ^ ^ ^ l ^ f c ^ ^ a i r * * ^ ^ ^ W H ' ^iP 
ana iBiMHrtodt into tHa »Mt B»IO In tbo oitooie* I^ MT aiipl^ of 
tf««t«« fho oporaticii was do»« rm7 frul^ ieS^ ' S& ov^ aip to 
14* 
ptmmt tagfixm oii the mtt mxf^em* iiStw Smmttixn of 
poMt of Instrlicii «»4 %U& 10%W poSarthw* tiM»ens Miii 
s«e3i«a with fiKMHMf solsatimt 1%* gfftft plml^ woe* 
g«Klmit;«ai In m llt^ ' «lir P^ft Qo&tnliiiiig @t«ri}4«ad toil. 
Sn tli« g]«aa«-hcs299« i^m the pJUinto wm» mhm% 6^ long 
pimta iior« Snoeula^ia with SM? fliftw « itmik* ikttm 
mta!btiMtmm% of tfoe isMm m tim lAoeulet^a t^ MMioo 
jBF iW^I^'W ^^ WP" ^PJWMBP ^IP ^il^^9V^ ^ P^W TNT wt^nWw ^fr wfci * M B W WPWPTW BP '^'•'iSh • • W»"W |^P W ^^W^ TWW ^WSB» ^ ^ | F ^Mmp ^ ^ ^PwP>^B&t 
i»mm 9lMi«a fi««r ^ ^ iKot «i4 Hit ti^t 0f tiM ta!«i«h«t «f 
«3i9 4o^«r v«v« pl«e«d ofi tSum hMltljy tolMi«60 pliiit* 
^to ^oM«p vwi piraR«A %» fevo« flov of si^ toMw^ lp tb« 
li«ii1^ tolMMMd i^lmlv twm «IMI dig«ntiid (»••# Plwit* vmm 
wt^hvA tm tMm ^mmUifmB^ of iirnitti» tm 8 IMWIW «fl«if 
Mffti^n% mm n. m..mmM' mtm^ty%%^ ^^mimM 
• 16 • 
§»mi^$ 7«S vmto tsMf w»m usfidi tese SiBtmstivtt^ mmi^f* 
Bix. %m»m troB tit® top mmk tm^ $&t SxmvaH^Mjm m& a l l 
i4a« ^^u»m^ am Umm Bot f^nSs^oi ^mm t U p i ^ oit* 
»mplm msm InoetilateS %m$ng tarn forofiogcir {s«M£tg ml^ 
tuo pfts@98 ovir tile imsfm^ of tli!@ t^tf • i^ jsiaji® oppoovod 
fUKsiJ^tS^ ymmg imvm of t€il»ae«o pimts laoeti2at«fi &»10 
dogr® €81^ 311^  la a saostar iiith a pastla* mv was «o2iaotad 
lir a^aa^Si^ tiio tiaaaifata Hufcmgli two Xecraani of ofoaaa«» 
al0<^« It imw dtri^ad in aliqiiaots t^ 1 mX m^ wit la glaaa 
irlal«« ttm iriala irara ^ M In a mtar batli la m^it a IMT 
tiiftt tlia aas» Xinrol naa al%lit33r I>a3«^  tim %m%mt iaval m 
Im^ md timi teatad ii|>to vwquiaraa twiiiwrntuva* ttus aiqi^  in 
t ^ vlaSa nas aoolad Ir <ll^lxi|; M 9<iM ymtm Iw3«aiat«^ 
aftav iranafat tfm tba imtar lMitlt« thm aSJUinota nara ttiaa 
Inaaalatad to i»li»t« laamtally «»pl«Briiie aarlKm»^h» SOO aatit 
•ttaw ^ natav aftav IneeaZatioti* tlm ms^mSmm% aaa 
t«paataA tb9laa# taaieea vava ammtaa en tha Sth ^ aJTtar 
lAooulatiflii« 
nw^sm wt^ pmttm m^ ^m mm mf3m»&3i mxt thiroygh ^m 
mim mS^e la Oi^ it plios^t© tmftm pu ?• • Ycsmg m^ 
X 7 -
Into OQ1381 aM^ots m^ pH ^ tJiG eXi^iiots ^m aSJustnA to 
4«0| 4«St S*Pt @«@, 6«0« 6«€t 7#0| ?•§, a«0| i;«& a»^ 0«0 uitli 
^ &* .Mfty^tifQ^ plants* Plwtto ^«# 3^ @eisa3t©d wMxmli^ 
Mm^MMMJM^ ^ ^^»^ ®x7»orlaoiit thQ &itmt ©f aiiffermt 
Imff03PS at f^ti^ csffl pH l««la en i^@ |jif#ets.vitr or tai® vlwia 
Has lswe@t%@t@i» i#ts of l£if@stM f omg Imivm 0 g) fs'im 
o«S H &odi» asa^tatt UtTtm mt pn ^aSi^a of 4«6| a«o« e«5 ana 
€fO «Bd 0«S t! i^ i(MiplMit« Buffw «t pil wmlm» of 4«0| 4«&9 ®«0» 
S«&t <^ «0f f «@| 7«0f 7*0 «sii 8*0 €iii Imsmim \mitw «t 91 mlia^ 
©«0i 040 «ii tiO* Sa mmh erne ^b» iMm$m«L^ ins 9)p««i«d 
tUvoigli twi liar«mi of 9Mm9 e2i»th @^ ^im li^n^lettd m to 
of 7««ift £• imtiffitlffllflr pXanto solootoi fo» 
imifozviitr of ijpontti* liioeulstiQii vm 4m& mmm&ll^ using 
^m mtmhivt^f of rm mB tmmtig'st^m l43ts of Mfmt^ 
t 3 i f r i » « t iwM BtSPm^m ^tS» C«i til 0»© tif U ^ t! « Q 0ii4 If 
t«^  tile iMivm ^ |;« Mgaraaimipaffig. |»l4s»^« l^nocalatim wm 
^mm n&mmll:^ isslng 0atl»c^ moSmi BOO mmh m mn ^tmntf®- '^m 
plmte vf»@ ifin i^sS ijith a gentle stviMsi (si mktm Bom t&ftm 
$nmuMtijm» lM»iMm mam «0isat@s m 1^ at2i ^&» IM 
11 
E* ir!!*t*¥f plants iBOi»tlfilMia 10 S^ srs m»llm mme m»9iu%li» 
ni^rootod fy«» tim pots* flie pSimt® ir«p« wmltm^ m& then djriod 
%>«ti}«iR i&M» df l>3«ttliig s»i|NMr* Ed®t| #ioot and X»af ti«8i»i 
*• 1© • 
igtoot toA loaf tissue vm tiim horaogaaiaoS In Q vtofixa^ 
l»S«oa«v vlth 0«i3 ft phi^ptm%i» TsQitme pH 7«0 tisleg 2 ml iRiffor 
ftur 9&9h gtm of plant t&0at%e« ThQ hmogm&tm Mmm t^ MKi 
e«atrifisg@d for 10 nin at 6000 nm* ^^ ^ mip<mmt^t9 ww6 
^nn Inomilfitod to Si* iSilSirMW^to fl^ntn* D o^ouXaticxi 
WkQ ^mm mmasill^ using easbovisiidtn &uD is^h las sa atsmsiim* 
To0lm^ t?@ro ea«mt@di o» the 8 ^ da^ « 1!tm ss^ porli^ eiit t/09 
g»fia i^;yfiU«,.«? ,te yam! In vM^% «»» '^^  ^ t^eh of im 
H* r^?,t |^a plaatii of %h& sano ag© r-M clu® i«« soleotoa for 
tmlfor.it^ of growth nm^m Inoeuliitoil v i ^ irv. i^?i© imr^ 
cost ici^Qs iic^o InocmlataS Ija a l l e^soB* :\t IntenmSs t^ 
H dti^ s 3 piciSits ^oro saXootoS rcnidco!^  tai^ MmoB froct the 
epleal ?»06!Ptim i^ o^ e© h©pro»t»l aad 16 g Imf tlssuo iia» hciao* 
gmi8«d In ft tiortsr f«*itli p@@tl«« t^o l-^ mog^&to uas t^uoosoS 
thresjgii tuo l@(^ ors of ol»368o«cioth» ^e^p wm liio<m3&toa to 
II* muiBJiittSlte plmte laesnuiiXly tutlng eaflkoini^ fm 600 eioth 
at aa obiNEisiTo* Imsiima v«ro eoiiatadi oo tlie Bth Os^ * Sho 
osfiepofflaait tlM «fr«»t oC ftl)Xo««iQiS9| eor^on toti>ao{klorl4o and 
btttanoi OB tbo InfottiflV of tlia vixvm vtm Invootleatod* 
Ihfaatad tisauo fros a iMiteh of E* g<iat^^ plants Inocmlatad 
8 ^ a o@r3.iaiP vm harvaatoA* Tha iaoeulim vaa aividaa into 
4» 20 «• 
4 fi^tftX lots ot 60 g i»«li* t^& fls^t lot of iaJToQty^  tS«8U0 
WM hc»»»ff@ni«ii for 3 mln ia « l^itfiSii^  blmtier uslHii 3.00 s i 
irf 0«S M phoi^ MitQ tm£t9» pu 7»0* ISte !w«iQg<aoitt« f«iit emtil* 
fogeci ifttr 10 »|ia at G05K> 3?P3» 2ho s^pesaafeant ygus ineeulatfid 
to &• «HarfT<''%ftlir Pleata* 1!teo 86ecii«3 lot of Safectefi titms© 
imis fsoraoelniaoQ vlth 100 ol of OWS H pliospliwta \m£im' aad 50 a l 
of ehlovotfmi to & \«PSi»g blmdtr f«r 2 sin* %i* mnlslm m& 
WQtm Ir <i«ati?ifagiaag ct 6003 ifjsa foi^  10 miMm The mpm 
tisod jfo inoei2lC4tS2ig tbo £• atipyaf^iep^R plants • Sh® tMj?d 
lot of JDofc^ ted tli'Stie vsiS liixu^miiiau t^ /itlt 100 lal of -«S H 
pfeo^ pl-iiit© kiffiB? pil ?»D aati 60 EII of cai?lKii tetraebl^M© fw 
2 nm ilk a wfirli^ &laia®r# !|!ljc l»2««tiiat® wa# omtriftigiKi 
fei? la nia at c»00 lepa* 2te t«|iiosoa plaoo© ww eolleetM m)& 
mod in UomUtlxm £• ^mm^UlPP^ plants • Tfm imxeth lot 
of infmto& tissu© t«ss hocicgaiiJBOsi in it varioe bloauej? for 
5 mHi irltfe 100 lal ©f 0.2 M p!iosipl22it<i liaffw p!l f .0» Ssa heao-
t@aiit# iflie oenti'lfiiged for 10 uM at (^KB vpa* ffm n^sgmmtmt 
m» t»^'-m nil* fo t^ilt 3tip®s9iataiit li^uitl %m3 M o^S £C ml of 
Ixitaaol mA ttm ol^tore \m» tAmkmi thoroushSy iw B tnia In a 
oopoMtlag fiiOQolt Yhr«« lirom v«»i fosBody tho uppiM* l«9r«» 
of tho offooio solfmtot tlio intov phao® oontoSalng omtwdl* 
luitliif plm% mmtmtiml m$. mm Imw ftimooiis i^ iAto* Slio a^oo»« 
ptiMo mm •Gllmt^ % oponlng Hi® Bimp oootr ond Inooulatoa 
to c» flttMroiitiftoloip pl«ftto« 
ZL •» 
oafborundUm 600 mmth •» an iito«slY«t* f!i« plants ti0r» im«h^ 
with & 8tr«iia ot imter 9ttm afttir in«»oul&tloa« 
i>iigi^iAattmi 4U xnms v(sr« !3e4e isi « aee^tea I a»60 pirofMUtt* 
tlv@ tsltroeciit^ifuie* thQ fivsrt bigl>»spe^ sua in m<M% eases 
lias nojpfcHppjod Sif3 a 30 fotau ^ieti ^as emtriftsg^i fov 3 hr 
©t ^000 g* AH t!i«s aa'bg^umt fe%l>»sp0©a raxm ww« perfofiaea 
In 0 £10 rotsr Qt 3^0^000 g tw 2 tsf* l>m av^^ eoitrifutatlm 
im& dmo oitliei:' la SOB! ^34 or Is d'metski ^p& 1^43 noilaftftigii* 
Bmum^ ^a'-liJat cQlurms ¥ca^ pjpoiJArod by lay^laij 7|7|? ©M 
4 iml of 0«i3 K plso0|^t» IfOff^p |tt! 7»0 caitaiaiSisg 400, 300, 200 
md XOO w^ umiinnc. rmv ml »m:Qottvo^f Sn a 1 tin s 3 In iscSm* 
usiag a pip«tt# vttk & p^cmS orUrSfi®* l^ s^ £i9^vi«st solution 
tfas l4^eM6 first esyS then aoHaitlQaa of d0«rdQ«izig «c3si«@a1»«» 
tien W9*m U8r«r«4 an is&p eS mt^ 9^mf* 1!bm9 oolooas mxeo 
u»«a aftttr stanftlng ttm MfmSntk vefifigo^tMr* tlau&llsr 
s a l of wimm p^^mmitim. vm tlamti^ on top of tlio ool«BEins« 
ThQ ooSnaoo mmm oMityifng^a iaisodtiatol^ of tor tJ^ e vinui 
«usp«n«icn «•• fiootoa m Wum to avol^ dvoplot sodliasnteitiaEi* 
fho ooHnao wwo ooatrifi3g«a in BM 36 «X rotav in Boetsaon XHl<€0 
p»«lpM>otlffo nltSMMfintitfttio* Dbe m$mljmmt$Mm up to o fov 
<* 1S£i 
l»Bdff«d tpe nae <SG»fa ss«(Siatl2;r« 1li@ tubes wttHi •«it»ifQg«d 
twp A$Sfmmk% longths oT time t«t l9t$r tlttr tf«r« •CQtyiHifid 
f«r ^ fist* ^ftfitf Q«atrifii|;citiaa ttie tis!N» II«IN» «?»i3lii0d la 
ft (ittrt£»rs(m tr fpolttetlng & m»tm hv/m <xf Hglit 0mm tiw 
tv^«i fsmi '^ n® toip* usi^ vixm mem ym »mm'&& tfm. W» 
ti^m ¥itl> lli# h&l-p of ft 2;^  gm^^ 1^ «^ ^^^ KMialXe l i ^ t 
ear»l«rf mit In @ ^ Saecs laaieX >i aaal^ttimi altseafterita»itiii« 
usiag sehldc 'm 0ptlos« .*X1 sssa^ i v@'?© ss&cl® s t a t«».j|)ii'.^ tiiy« 
«d««»ti&t^ llie pbmoX^fttiivg^it ts^t^a:* To % C^ tsX ijcXaticsii 
ef "^txm i^leli ims i»olat«d fiNwi XO0 g of Snf^mt^ l«»aft 
ttMm* «•« «Miil 0«0{^  Hi oC 6 p^ esut s o d l ^ ae6«6^X sulpfaettv 
flnH 2«il Hi iiit«r «ftti»r8t«4 l)lMnoX« *Stm ^mml iii»«s ^88 
r«4S«tiXi4it3 ttoat stwoa nt li^a After aaattion. of ai«UU@d ti»t«»* 
jfmr 10 siljUf «a^m iMe^ &t usai ei»t^tf£»g«a for B ttlA at 3000 wm 
In « «Xliiltt«l ««i%»lfiiee« 'ftti ffiixt»^r« n^ E^ fa^ tiidi in two lMfm%m 
Worn tt^^pm&m %o^ pliai* ims 4v«wi oft % t^b « pi|wtt« mid to tM 
«• S3 » 
fiai^  s t l r r ^ tor 10 siln i»4 gi^m » emtrifttgi^tlcfi ot 6 mla at 
a^QOO i ^ « The »^^c»ts phasct imt d^sva aff mrl Mtli «iq[t%ii«ii8 
volis^ «^  of plstudl. tollmmd W emtrlfugsatim* fl^ Aqmi^ jus 
p-^ @& yaa D r^i%«tsd am® m^pe MWI }ml£ th@ ¥o2:i»ci #r pl}«eiol« 
«Kti*ft©ti«»is ^ t h «tli«f * ^i« Bl/; ta* i«r08i|>it6t«ja Ir additim 
^f s ml 6$ ie@«>«&M dtli^ol to tit© 3Plutim» i^ he |4r€felpit«t« 
emittltm^ ^^ ST. cto r<t lOfO ^ s^ .33 to lienors? awm Zi&otu^lis 
^ l^afitfpfi,aJIgrattflsy, * Iti^lflilt itlmiB pr^pMxtktimm V&B0 t^od 
for til® dZitetjraii mim^tmot^w* ^m^tkvm^ $tfii»ed pxi^ai^tl^ia* 
dfoyUit 0f 3 pm e«Dt FfA •«3iiUfiB ad|i»1wa %» 1^ 7*0* 11»ii 
«gsMM ttai^ mm mmtuA «ff 1«r « pi«e« of flltwr i»ftpttv l#isvlag 
« tblto filG or n»|jA Oft yio p ^ * tlt» ap^s^Ma IMUS ttMn 
ffliTflilMnr' ltolait>it0 v«re iii|««t«d ¥ l ^ S!«riri«d flxus •olntlm 
• 3 4 <* 
of mm WB^0 4ft«r 10 lii^ pt^ ftl»(&@ liij«oti«ii8 3 mX iriama 
%t&?e t? l8l hl^ aujpiiig 13^ eoisspsj* of lii4«ctlajs to ote<»ek the 
l»J«etiai* 'Shi} mxiBWVsr vm^ te&tsS sitd attmM la J»BSIU 
the tfitisar^ @%ici tii@ »&>tig<siit PiMt&n v<^ @ lii©ii^t«»S t t 
X94@f IseSf XD60) nous t2s«i^  for ^ui i^tlgcst mti1)^d^ voaetiQas* 
to th« agot* c«iaa& sap im^ pi&rifi«d wisnm fiPi^si^ti€a« «ttra 
t«atoa# ?«9ta navtt ^ayfomiid im IS « SB tm atevc^iHspa eU^es* 
OS P99 ««it agar nat ^f^ismsMA In 0«S H p}»Mipli@ta tmffav pH 
7»0« si&aaa mva flooA^S villi 3 lal agat to maica « IMi fi;b(mt 
3 Bii higli* yalla 3 an ta otanataar vera psmehtA ^ 1 ^ a aaafc 
bovair of 3 san 4la&aftar* Aftar ^M) iraUa wmu ahest^^ anti* 
aatn© n ^ entlean aUdaa vaara liioul>at«i& at voon tia^Kifatnra 
in a aoist ohanbcv* Itead^a ifan-a ta^m aftav M iHTt BUdaa 
ve«« ftlMiye SnclBdedt Sa e l l twts to esoQlJuaQ 1 ^ l>o««ibUil^ 
of 1 ^ mist@adliig of tlt@ mmiXts* nufmmt 4UsAtim& of t ^ 
tissm* PtQrsioIogloiil saiSaOf ^SB p&p ttmt m&iim chlm^lid 
«* 36 • 
W n%-mfw^iQ&l InoefuSatisa t^itli asp i»(m Ois^aso^ pixjjat©* 
TI1& H r^^ QtM pMitii 8hm«»(i S08«2^ mottXSEig oneyr&Qtwltedi l$r 
i^ iiQh v^r« @ii9i^ t %Mt0 (Fig* 3L)« USid ^ imtB iT^ u^Hlnod 
st'imtcd* I t %m» not tmcoaam to olJt%3a 100 pmf emt itifcjc* 
tioi* t^ ynptoQS appMifoi a«3.D dii^ e &ft«r lnoetil«tim In 
of 8 y«ttni« Ho ciisi^e im» notod dti:iifliig ^jis perioS* 
^^^^SBQ^^H|^^v ^ ^••Tip ^''•^IP ^p^^^fcf wi*j(^|ipBW^ff '^^^•w^ff ^p^>™»B^^ipiiP 4MHi>wf^^^"V ^i^^lfr^ff"' W'MWI'JBF ^ ^ ^ ^ ^^^^^Tiil ^ ^ •('''IPli 
stw 86 pUnt spvelft a i n t r i ^ t i t la SO ftaili#i irate laomt* 
on il^ MHMBlii&liK ^ tliAtti Wm ptmmmii of the vivos In 
p3«iti tflioiPtBg •smiytcmi «Qd to Moor^ln ^&Vbm «ipr of ^toso 
plKilw i t •pi^ t«tt:MMHi t«n?l«r or t^ rimBm tbio wmnX^ tyre 
<•» Wf ^  





end mBVi^ etm^hl^ yfbSj^ 
mmm^M timirm In ^ a fosm 
Of vela oi«eirliig foUsmod 1^ 
« niM moiHile (ri$ft %)m 
T^ lQoou24itod Umrm 
shewed srtllQir p«t«iitf 
I^ EkfifiAS OB tMHf nniiiitntf I M M N K 
foilmfitf lip t filSA mtt i i i i M i 
Sp€«i*8 tMtid '^^tsptmm 
J^stsiaie i^ rnptuns Qi)p@0]f«a 
8hqir«a i^onsiotim Mid tlie 
4* Igtete *^ 
TTjr t«» 
tim# l^ itt spots lneiMMift«a 
la »iMm% Qmlme^f emmixm 
th& nhoSe Xosf to mtm fMm 
ylhm i t ifii» 0li^* 
Ho vi6il»Jt@ 9^ sr»PtoiM Sl0««r* 
ai]»le mm^t m smmmX stout* $tm of tlb» p3«at« 1%« iriMii 
It JBymli 
ttdi|iy|iBN^ til, 
oMPki: mmXL •bXomtio piitQbM iKMr9 m tho m&mlKUM 
M M « JRMI piiteliMi eDftlMtaA 
<i«>iiiai«iiM«w«i««W>«««>iwpii«iwi<w«i^^ 111 miiiiii mill iiti»>ii*|iiwiiii>ii««iiii>w>iii»wiiiiHii>iiiii<iii>iii»iiiiii»iiiiii .1*111111*11 m«m niiiwwiwini 
iroiiiiJAli n^etc^le »ftt^ea ^ 
Ifttiig %m9m ^$Mh la^m 
flm tms^m m»0 thm nlM (fig* f>» 
if!W!iim1lliB iBifentldlffliaB '^dmmm tmtkt tmlmm ^ 
0o0t@ ^ i « ^ f wwi |iw«l»eiia cii til® liman* 
&xmm<m mA f ii^e $ii%m 
Mm^^tim l» wMtm 
turn imji^Mt^a Ifii^ Gii 4M 
t» 
30 •• 
iiM>iiniimi « mi m m nr ii i im nmrmriiwiw 'nmiiiiim fiiriiri»nitinrrriiinninrir»iirn miri irii m mt«mimt>»'iHttt<>im-'intt-mTi1lrmr$mimtmmmmmTirm 
f 
•nW<H»MlM«MnMMIHMlMMM«Ha|>l|«MH^^ 
4« -ffi^ y^fffifffy t* 
JMbMMI MittUli <^< «^ S^titmiA oyms^tQBm i^ MKHHdl 
oa tiMi mm mmm^ tMmm 
^WIIP "• n^flBPW ^1^ Mv^^^nP* ^MMVI^B ^* 'twill wrtsHWTW^PW ^^IT 
wlifinri ittd m^ilMMMiA Mid 
0it • 
l i g h t ^ Afont' 
Plants w&^ tmxk^'ijt s t a i t^ 
ft^ft jrelMfnilifi ^^ci^t M «, 
Unto Mfi!r(iilifliit<<iHI uom* «« ^ 
^IflTifir^flWI f f l f f l T I R l l l '^ -" «« «• 
iiflftim !TOiiitiiiii^.fiiiTii '^&u* «« «» 
PTl^yfBifflf* f r f f t t i lMt t l ^«l»a»'tfr «« ^ 
ftiiniiliiiiMi 
3 2 «> 
wpeelm %m%t0. W^WptOBKB 
mmmmmM iniinnMOiiiiiwwiiniiii ii mmmmimmmmmmvhim.m'mtii ii iimmmtiitimim'i'immm' 
£t£ll£ltt. Mffiil '^<^^* 
MtMmWMmlMIMNi 
f;.fflii^l^ .^tiSi^ill <,i2ia») roir* 
m am * 
mmmmmmmmmmmmmimmmmmmmmmmmmmmmitmKmimmmmimmmm 
spmim %m%0& 
mmmmmtmmmiiimim iimnriii. inufi i muMiwiKiini 
y* 
ilillitiiiJBEiliii 
l?ilMi "^ f^^ fft ^* 
<t») 
;^sti4aio ss^td^s appettYtA 
In the foro of vela eXtitylDg 
toI3.0ir@d tor « g?®«ii xacwiile* 
li«iir«8 wore ap«ftta«<Kl la »is« 
•ad |»lisit« fNSBMliittS stimt«d (Fig* 10)* 
8fret<Kilo a^G t^ce«i App«tty«3 
£>«ev@6 voare iNidu»«S la iiis«« 
* SMI • 
•<wiiMwiw»wiiiii»iiim«iniiiirwiiw>>»<»w« iiini'" iiiiMiiiiiii mummmmmmf' 
Bpmtm tmt&Si Bynp^i^SM 
ilMiiiiimiiiiiiwiiM«»i|i——WwiniiiiiBiiiiinii i|ii»<iM<>iw»*wiii»|iiwi(|ii»»|[»N>wi»>iw<lw^^ 
'Bawittwx* ^Btm$A w^ssptam afmenMiS ^ 9t!i til® nm «im$is3^ immm 
li^M'^MiA fi?^ l^tfe9i.a. •^'» 
E* p^^ -'^ ftp T« 
Zt^ torn Of vein fttwlog 
cyutmin m^%am 9kpm6af9& < 
oa ^@ neu msmfgim tmvm 
la the f Q*iu of v»ltt el©«»fcig 
sl«« i^@0 ii0s»Q ifm7 tms^ 
if«2eloiM 8t@g^ of reStaetim of 
a^eli^f aoa0 being rm,rmm.t^ 
%fmm m&^UM^ Btim%&& (Fig* S3)« 
liystODXc aprptans appeevoS t 
in tfm fom of iao»«id isottI« 
8<»10 c«ir8 iift«r iKiooalatioa 
OKI ii«ir « i i i s i ^ g l«iiY<»i« 
l*0«ir«s 9fmimi v^lmm »%tm9» 
of a#rc»RBtttlcm» Ho 34M»iw« 
ttttir^^lfi «liit«r Inst In smm&e 
imimB 9ippmi9A 3»§ ^9 
«flOV Inoffi l l l l t lA* I^M i«»i€fli 
li«r«« v«e« BhoA (Fig* 34)« 
•»» BW«tiftti*i spMlftI tii« ii«v «n«ff|liig I«w7«» la tM 
« f l « r InoeulAtiofif ^rmptMi 





FifciUfyj Ifflff^^ Vita* 
Fliriilli BiOTylffiiii i^ 
tWi$ 
^stM^id n^mtoeM «i>|>«up«a 
In t3m fosQ of v@lii «l««r3»js 
shonQdl d[«ro»sfiit£«ii audi 
In 34HBlllliLt 
C^StttllQ «^@ptQ^ ^ p G ^ e d 
iiim fofm of 11 a iM motttio* 
ttrnvm mititWMtsd vmlma 
»tmm of xtiSteietlQKi In 
tu»# ^HlCnSf ^® laocalft* 
tod ieaire^ pjpoaiMod tsiall 
tomm ^m^ Bh^ Mtit%mf « 
-^mk CFIttt* IB & 17>* 
qriti[Ki0 igors^ »tGn» ik|»f«if«d 
%<&mm s^rnn^ irotxi ^oXlowliit 
flud ehlommi» (Fig* IB)* 
Ho visib34} «rt^OB» 
• f o l ^ m Um iJkoeiiSatei 
•pott lni d iMtiop «f««v Ineott* 
ti^m »tmi <ile« id)* 
• 30 • 
wwiiiwiiiiimiiiiii MMM mmmjmmummmmmmm 
&p9elm totttoA Bmp^^^m 
MHMWlMMIWlMaMMW 
a* i* tilftlSiBflil ^« 
g> 
&t itiiftiffifBi ^* 
I« C3«vi£* 
on tls« lii<»eulat«l ).««««• 6*8 
Ho^ ti afl«9P liiooiil«M«ii» f%# 
la lli« f€»» fif • lurlint i»0«i 
Bdfft&o ftiH^Mnrai m. wm turn 
^dWWi^H ^P^^^w wBw^ W^ Bi w ^B^ir TW T^^P' ^ I ^ ' ^ ^ W W ^ ^ ^ ^ ^P ^'^^F '^^ ^^^^^^^^ 
S7 
•iiniWiL'miiiii ii»iiMiiWaii>».Mii»l>tui<<iiiiiWi«wi«Mii>iwi«»iii>»#i>i»ii»iii>iiiiii<iiiiiicii»ni|;ii'«l»)i»^ 
^Imm ptmtu of «>adii snmtm mam $&immMt&^ 1^ «80h 
t«il«if YiftlAe tfrni^ twe wisro nimi^ m XB s p ^ i ^ tsm %b/$ 
itfllA of tk» riwm ifwe pvG&m§& ^^bm tm&k laoouliitim free 
thmm pUett 1MMI mi^ on ^« smSSSMltSikSt^ 'Stma^ wpmim 
i l i (MM> JU JMHHMSaiit JMIH iw*i^^>^ iBItttffirlftlirilll inur* ratsvi 
$ , j |g||ftM|W| l||nB|i4|||^ iMHI f t r lP I f f l M M i ^ a * :-'t^aia#i»«»i» tMtummiM^ 
^ " ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ W ^ ^ ^ ^ ^ ^ ^ W T ^••^^^^^^^^^^•^^w^Fy ^'^w^^^^^^^^^^^^MHHW' NHW^Bi^^^^i^^^WBB^^P^WHr (J^^^Wi^BBW^WWBiBB^WiWH^ •^^^^^^^BIi^^^(^^|I^Hp 
liiMtiiiiifti Irowtfigi iilinfliiliwWif liyiaaaiiiliiii 
IfffffliMif (^w^  SMp* m^% «ti*i^ t^ .Mt £^ B l^Qai^  £^  mftii^ ii. 
^ ^ ^ v ) f f«iiroiii isteMAt F f^fiff^ ^ finwiflirit s« ]fntfff*T 
f^m® ptmt suot}i90 «it« Si:»f oetea i^t t^e vli%i3 ^ 9 « not I>@{i0:id 
SximnliM%im xmB ^m» aa i% mwemxtiM&ys^^ Out of i^me 
of loa&l Im^^Ma U xmifom m^ 6m@t@tunt* j;;« nMlPTO^ i^tif|i?ir 
)sn<s £ • T j^ff^ lf are tbi^Niforo <3«Qi<l@$^ m g&oA Jmml imlm 
Inf ««%•« thoB i@r«%«il««x:i^  «• irlms o<m34 Si« i^ecvoaNid m basic 
$x^9mA»^im %»£# MWBnMfifitt* rigiiliiiif' nttfiTiriiUft «»^ ip«r»* 
aupcaMi^di Olwit of BuManMif cii«l>»y i^ oviEl ana ffsm Porpla ifiog 
of g* mii.firmi •x^ tNvori^^ gyri^tmstofs «iirfi««« of at!r» 
yyf!^ !fft|i*;t|| gtffiglaglgfffa ^<^* IS&tc^ riTSf ..jy^^jt^ft eaff^ y^ ^^ yfff Vttf• ' 
si» mmiM^f 0i!jfc AOsiigwt .^l^ aroteiR- jtatoglat 
^ f^raSl^ tol fi&iJ£Ji£ISlf ffWifiilBlfi JiB^Mir l U M fefeitoSlfliiPT 
i."^M#y iiltMtt iBM^^ alitf „tiRi3|f^ j|ff i^^ li^ atayit ly^ Lsluft laisi 
QflBMliriim fiiOmMSifti H* IOH^^ SMII teill«>i, MUisiliuif 
iStttsiA wnnflMlHiif fUliM ifffffffitiMt jiffTiitotiteii isn&ttSttit 
U i t t i fy*<lT|ff>t f^ MlWIffllM «*^^*^ vftr« Ite^oji vniitu^ fifff^^im^ 
«D 









•NM||||ML|| » IMMMI flnSrtMlt SttK •MB0KMV V M O t 
MMMim MBMMUI iniii'tiiiiiiii J M U M • J H I a 
^^I^^^PWiWP w V ^ ^ ^ • ^ | r ^ ^ ' " » ^ ^ i w ^ ^ ^ r ^ A * ' ^ i W r V M | vmin^igp^^r VPMH^PHT ap 
FIG.7 




• Aypgi tjimi (•ipiBi •ipwBif tipwwwiflf • i ^ ••!§ 
CONTROL g INOCULATED 




*|i|ltil@ »t^*>f MWJt *<i*i^  *1 M i l l W l f i l 9 | l *ff| * f u 
i ipwi i f i^Ei pHi»iiM«iii mm$ mtmt HflPP 
CONTROL 6 INOCULATED FIG.I3 
FIG.I4 
FIG. 15 




jiNf Jl»t»»<l » H#it •JJWHJIS IMIMi*' • • r o t •tB • • « 







It iB tlmimhlQ tQ 9W^ ptopiistim of « vlruit Sn 
crudtt Sip b^toi^ any ^erfe cm ltt» pfcQrsloo*o!i«aioal B^nre 
Bt&htWB^ ma Qm&iM^tmtlm. m' \ht^ ^ir--s Sa ^tm ©ap w^ 
pwmM& i,iits>mmtim mbmt tli# lJ«it «?l3pcismmt in %fh$Mh to 
km^ tlm vi4tPii« wia i^Mt^li^ i ts liif eotlvit^r* ^.ithots^ 
1^ 11^ 0 $^ai«s iw?# iros^iotMi VQII^^ CHOOSI W^) thw «tv6 
of fjitisoit imp@irt«i2«i6 In d#t^Kiliil2ig the p»o««>^ tird tone ^ift 
twiMMtim* uma^ltn o£' f^ e^m^mt to a^nrti^ infii tbo 
th^iidl. itiftetiv^atioo pc^lnti toXes'fitiQO to ail£iUim| loagmit^ 
ift XHSftf ^ ^ ^ t ot piif i^tmt Qt viis*ioa$ Durroii^  nt <li£f uroait 
pE aL«Nr<»l«| im-iQ wttms;,^ MOi lOfmt of M&at^ ossmltt nolvint* 
«n UMI inf<ietivi^ of fJIV fir» vi^ ^ortefi in tlii» «l»pt«r« 
HmUml fiiift^yftj^t HI mm i^mm tmU pw€mx,y&& tm mm 
liUMttiriitttA mttm heim hmt9& f«r 10 eisuten «t a tmsp^mttfrn^ 
0f 10% (twbte 2) , 
* 4S <w 
TABI.E B* tlitlMiS. lQ««tJ^fttlm point Of 9pliliw^ 
fm^^s^wns ^ l?o» of local S^siooiiAiiif* 








b« • t lU laf^tlir« aftip a diSLutim fit VJ^ Imt mo 2«sio»« 
w«ro fow©a nhm tlio si^ %m@ aitoteS 3i0** CW«I# 3)* 
TABtE 3# Oiinticm ttld point Of »plllaoh {309ttio vifVUl 
i«ii«»ii»««w>i»iiiiwi>c«»<i«ii>iii»iii««iii»Mi<<iiiii^ ^ imimiwiiii 
oiSaticKi llo« of loottX lmim»/lmP' 
tObdilntod 72 
icr» Ml 
i i r * 4 
!!»•* 0 
43 » 
toQoa to bme ysmmit^ iH jGUSSft <^  ^ i^^ *^^^^  ^ ^ ^^^ ^^ 
«<»»iii<wi«ii)irii»ii»»wi<Miiiii»i»u]Wi>»*i»i«>»»iiiii»i«»ii»iiiiiiii»i>m^ mimmmmtimmimmimmm>'>i'''ii*i'>m>t''ilti*i iii,inif»Mi«iwiiii»nT»iiiniiiii)i»n 






i|ni»wi ri.»iiiiii iwiMiiritiii »>w»'W»»»>Miiil»*iMiwi||i«>i»i»ii««ii<ii«iii^^ 
Xtl 1 ^ SDOOia «« t o f <|B|»Wlla^1» f ^ ViVfS® SH Qfll4« 
•1^ v«i t^ HPAa At lo^c ami mm foona to ti«v« « im^imX^ j ^ 
xygft «f ^ lof «t thif %9apmtttxmt^ !lo laf^ettl^^ WMI 






Imml ymim hemt* l?ti^ t« 6 tiioiis ttit vtmitt or ^atmtl'fi^ 
mmmvofmmtt X moA ^ hmt9 «tt.«r najQA^ ffioit of pH of « ^ 
wetftett* n U mUmt ^^t pIX 7*0 is tlie siott «ixitftM« pR 
for ttttl&tMlal&g tlM i^oeUviHr of t ^ tlitst# 
* flkt? *• 
)IW«M"W«>«lllrillllllllllftll]l><lial|MII»*IIWl»WIII«l»IIIW»»l»wl»ll^^ 
pH no* of loeiil. Imims/lmf At 
X boiir 6 hiom 
mmmiMDtiHi III m iB«i»)«iii»i»nriiiwiin i «iiiiuiniimia>«nii>i>iiiiniiin imiwiimKiimini maiiiMi—i<iiiiHM»«<wwi»i»iiriii.iiii in.iiimiii i n mini in.n 11 n IIIHIIMII 
4^0 0 0 
4«S 00 0 
rs 36 so 
0«0 44 00 
7W0 ?S 4S 
7#a 133 34 
8*0 40 £JB 
a«5 la 4 
9*0 8 0 
• ••|lll<llll'JII»iii»iJi»iWI<»llillllnilillMI»WIWI<ll«»l«ll»l|»|lllir»l|»|ll>iMI<ll>Mlr]ll»W lll|l||IIIIIMMIi>i|l|i|ll>|[|l»IIWII|(ll«llll|l,1l»lll|l>l>l<<»tlill>«li:illM»llll|i|lillll«i>t)rMli»BII|r|im^ 
« T^@««i@« of 3 mpwimmtsi ^ i t^ 3 pXmttd I^vl»g 6 3.«tvo0 
,li0iil.,„flg mrtoii teaffiii.gtr I^fgiwafeiMiiilifflrtflii* ^focit 
of iB0ifft«l^ 9 bofoto oBDd 9iKi«i^to luff«Mt ot iittfmmkt tmmlM 
ei pBwoM ooiap«v«A« tt la mMmt txm W^%m 7 tSmt out of 
tSio tlufoo Imffovo vmtA 0«8 H p!»nipikft%o imffor i^ i! 7S pnftMm 
tlio noot s u i ^ ^ l o »oaiin for itoRiogiiiisliig th t liifootoft ^jrnm 
Xndixi^ IiQGli:^  fo&d liif«i»tivi% ires ftSso i^sliitaliiia In 
ISABLr; 7* Offset of v«rioas tiBffore « t <liff«p«Qt 
pii im&U m th© lar@ot;i?l%p of Bpl»»uli 
ISKMIttlOi VJJRZi 
















• 47 «* 
•uttebl.® imi» ttrflngth of pH 7*0 phoaptmt^  buff or f«Hp 
s»iliit«il!ilng ttifi li^oetiiritsr of ^^ 17 • 1^lil« i i^ somt th&t 
pn ?«o |^ ]0»phiit« %fuiffi9» ttt 0*@ !i $fi tho 1300% sul%al»lo oitii 
2ABL!; C# i:;ffoet of Smlo etftaogth of pu ?»0 phoephato 
7SS!I3JEI 
ilii>iM»iii*">iniiiii)nirimiiiniiiiiiiyiii ininii>iwiii»ii«ii iiiii»Miiiiwip»ia»iii!i(»ii<wiii»i»»i«m«iiiii»>Miii<iiii«iiriiwi|ii>iiii»iii>iiiui«fi»ii>ii^^ 
Moi@i^ it7 i7o« Of iMsX lmlisa&/lm0^ 




sfafwi «f. flrgBite gglYtfiH* ^ ^ ^ ^«w f^ po«9ibio tuitt 
III iKUPtf l««Um pmie^amgm ^ o of f «ot of sm^e oigfloli} soiiriiiti 
m tli9 liif««ti¥itr of iiw ims gtttciitia* It i s 0ri(S«a% tmm 
ft3»%m 9 ^M^ wit of t ^ tloroe (»pgaiiSo •oivoats vm^ olil090» 
fMH hM pattttioailr no doiot«rio«t «rfoe% ma tlio lafeo^vitgr 
»«mlzit i8ilnpfti»«d* SsM ostvftot obtftinod «ftor elilMofoin 
•Mxit&fiMtiOR 1» m Ittfootlouft as the «KtnNst ^mm ao 
m 
Batonol i s yatsim to AStmt ixamtt^lW <^ ttoao wimmm bts% 
'JIV Beam to tm v^ey 04s»9itJ.v# to ImtipoJt* cm^bm t«ilam«» 
gVMtt s a t t ^ 116 @f»pftap«d to «s:tmQt9 c^talsiiia %iUh otiHMr 
golvmts* OM^^ pofdsm pti^lUm thQ tim% suitable aoaiSim fosr 
«ictni0tlci3 «z}d i^irth^ f^irifiestioa of the ritKm tmd tm 
tmintetintn$ the Ssitmttvit^ of tlio irims* 
TAM^ E 9* ^i^€«t Of tNlt«l0S.t f^tt^ C^fl t«ttft9hl0»ldft m/Si 
TVMtBMBt I0« Of X«tlaR8A«ftf* 









p%mt wm^SMg t»m 3 m$n t© 4E lt?» uphills v^% tiim 
m^Uig twQ 2 uM to ia te m hmlt^ g* i^ tiiillM P^mts* 
.iftot ItMn t9r:4£i£iitigti of Inooia^t-im f^ ed^ngf ftxlii^ tr)^ « 
^iiXoa t^ 0$mm^m, ni^ xi^ * It i» mMmt firm 7s!il.6 10 ^i^t 
«>^ ^ M* IWfffflififtft' E« f»<*^^^f in & T@e^ or of £^^# ^^ le 
»iiilaiiia tSno t«|tilJp«(S tigr £i* itjiltlffifr ^ aiMplJft ^Ikt irisua 
In $m9m§m In ^iiin«ii«lfi» iip to IS lur* itar foir^bcit l2Uit«a«« 
In atvaiiiitiaii jiMPieA dUUl not vim^Lt In « ^ InoNMUi* la 
4(»«BMkif»lffi« flit nlAlBWi ln««ta«%l«n tSiMi v«(|«ilt«l W 
E* ffifffi*^!^ to tmaitait asv ««• •!•» fomd to ^ ao ain m 
i oat ^ 80 plmt* V0r« Snfoot«t «h«ti tt^HdAg noro aUoifofi 
m ittooulaticti tm^Sn^ pcarioi of 30 mm* Thmm mmi»^ 
mm not g^m la tl^ «ag;»@Hi»ii)!lMi* 
Hotrntloa off tl^ viffas Is^  alsgle ||* jp«g«^gaf irc® 
to reea oi tHiis €ii«»6i@d ptmtQ tm 3^ tar md thya tpcm« 
of S2 lur upto 00 lor* 2mhiM 31 dta^ ^mt i^ !? i s s'fitAlsita 
Is^  H* pmn^sm tip t»> 30 i3£»# ?lj?iiUf«r<m8 aplsis loet tis^ ljp 
tsiQSioittiiiig ability &ft«p 40 ar £13 n& plant; ««i@ iof i^t^ 
W ^ ^ ApMOa 6ft«ip a lapeo of 40 !ir# V^m g£tm 36 ^ 
ml^ 2 oat of a «p{3i(S» eoaaa tfwssEiit (J'^ t HcM^ t ^ h l ^ t»ar0 
Inftotivd m1^ up t0 IM IIP ttft«r irim2» ai»faifiitiG&« :^«»e 
{Ktl«»g «rtM»tttv« wtn&tm mm mA% no diCJnlto oawamlot 
oan ^ 4Mnin »^g«r4liii iSm •M>io of tmniisiidfiim of im* 
f*T*"*"1i1II Iff ilfiffitfWf * <^^ <»• opoelo* of aodd«v IStlABite 
EMimk ^oa^» IMS iii«A in •ttna^^ to laNH^&it ^nr fyoia 
AiBmmwA ^* ifff!^ * !^ plonto to Iftiolttar ll« Hfttff^i pXorito* 
• 51 
»oo« of tlM plita^ stowoa onor is^ i^ Hms uRdi no ^firns emM 
i&mi^ pymtM^ m mW ^»^ &pmlm ot dosater tiod used no 
g^ioxitSJjit&'ticix 04ICI &0 onSli ipcjo^iv^l^ tSbo tfira^Eisiiicii of 
of ttio ^tsmt $n %lio tioot* 
ggfanlM^it lri«iaialial.ffiR» ^ ^ ^ ^ ^ ^ t ; @o& o f asc|iorte«ii«fi 
uliitpo eoil fi^ cci o3N3i»d tM stmt Mmm of t l^ €i«o&soa np^iMmh 
pl«ats mitt mimdi witli st«i*131®o^ »oil. G<iitalj:ioi in p€f%M ani 
hoftitSar tolMooo plmt9 p%mt@& In tligag m> trmmi»9la& of 
SMT eQ«iiffv«A# Da tHii otlioir •«<( <^ mi^ oiiplis^ a^ eSso i^oro 
fi«Mtod«i neo%]|F SSSilaflftm <^« v«r» nUmfofi asoi^ sd to 
Ai^mmpA plants fo» 14S diQrs mA thm alioifod aoooi> to !»mil>^ 
pl«i«i» no tiifiMimitflii ^ mf mmarm mm «e%m 8 wo0i»» 
• ®8 * 
•WlHW—W»*liWllII mm III • » " rwiniKMwiiiaMMlwMllM—W 
tmmmmmmmmmmmmmmmmmmmmmmmimmmmmmimmitmKmtmuwumi iHmmmmitmmmm 
a mill C i3lii 0 D O 
4 aift 4 nla 0 0 0 
M min 10 Qin 0 0 0 
^nU tSOtJn 0 0 0 
%h» Xfm 0 0 S 
B }m Bim 0 0 S4 
t2 im Q m 0 0 li$ 
24 lit U.fm 0 0 11 
30 IW 2 lit 0 0 4 
48 1st U\m 0 0 0 
ftphias ifit« giTm m lattivl. Hmtlug of # «a }»xit h^mm %}m 
m Sd 
t&BtE I I » ftfKUKiisslQa of opSna«h aofttio visaa In. 12 h t 
£t04 twiniiiiiwiii imiiiii r»nnin«wiiiiiniiin i»tii|iM.iiiiiiii>im«r wmmmmrmiimmmmmmmmmmmmMtmmt»mmmm»iimmHMmm\mi*itm*'>'i>i^^ 
1 8 @ i ^ 4 @ 6 O f S $ 4 9 0 
iMwii»iiiiMiiiii»iii*i. mill iiiiini niiwIn.ii>iipiaii'iii(«i«iiw«i»M«Mi>»iiiiiim>i>ii«inii«ii ».iimmminimm>mm!mmtmm0mmmmmtmmmmmmmiilmmfmit»mmmmimmmm 
0 -#. 4* 




&RBS xiooujiiTiiii Aim m nm^m^^ mwm m^ fm puima 
IMote 9ittfmptlm ^0 purify m& vimm It i& Isii^ortmt 
Iwol (Bl^L'i 10D6$ ri08Sy 1.0^ 3^ 1 X£Kai>)» fm mmdmm wmm^^m 
UUQ VS^ Qo i^a@i%t»i7 C-B i^^ f wtB% v.tmtw$ itm&f warn} 
&%k3ng i t ir.pctsmtitro to mG m^ tim pea^ \fith tStm hia^mt 
^mtrnt of litfQ<»tiv0 vintSf F^ f^i» mmaa tti# lattiftX 
DiifttotiYitar 9$tmr of %t&m& iwwestdtl at aifftrwit 
int«if«U ftfttv Inoflnlatifiii shomi (Fig* m} n»t t^« planta 
eflntftia U%t3y» TiUnw uptt 4 diors* Vixm netlvitr SMUMINIP 
fittt gMdBttUr w ^^ ^9r» It row* siittr^ 3ar ts%0»mt%m moA 
ytmhtfl « MKinM UNUt tf^r* tfttt Ineofalatleii* At thl« 
6S • 
amticitt '^Q vism &txktmt of &%m UMw^am i i sligiitl^ 
l«aa tiian l ^ t of 2.0&f tlssooi* ftics^b tl}# v%mm ^mttmt 
of i^Qts nsBS tgm& to t»@ ^@ lotr^t Usit i t is a t i l l n 0lgni« 
tlinBi;.-^  3I3« (ToEsowtmtim of npixmeih msm^ "Hrm la (liff<ivitit iMsii^  of ^» ffil^i xo da^ti 
p@tts at tim p%m% He»» of %mol ImtWM/tm^ 




8 12 16 20 24 
DAYS AFTER INOCULATION 
FIG. 23 
mmwxchnm 
to $t^<^ th<3 proprntim of m vima i t iu osimtiaX 
to QbtaSa pi*^^raticci$ n^ i^eli &m la a s^ommttW:^ pm*0 
ticlse 01^ l2Xf€ietioiunitt^ « Ag no tm "fismm &v« «e^ et2sr 
ftUl^e tbopt Qifo no seKi«irA3.lsr appUieablo ptm^Omfm* Hcnr* 
w ^ i a@ircii«oi iiiff(ar«Kit t^m of poirifiodtim ijrsit^m are 
Tmog^iM^m lurlty ta»d tioaoK^eity ^ t^^ ^9^^ to plint 
st&tl^ 13000« no pltJit ^irufl pifepa^ticti $M ywt^ 1» a 
QhiiaJUial B&m&m I3i® aSn In noet amm £@ to obtttln ftripiN^ 
TAtidii vhieh are frev fKtm hmt e&x»t^^mi» «M stoxiael 
plant pmtmixm wlthcmt lo»0 enS lni^ti^Qticti ef i^ ljms* & 
irictift ftv f^tfffttion SMQT 1>« «ai»iaiir«3 gsfiro t^r n pii9tl«)ttliy 
puvpos« iir ^19 IsapuritioQ ao not af f«ot t^ Q p«Fti««)l«v 
pifopartito h&kag i$tmX9Si me 9m be atteoisittdi for In thi 
«aE|»«rliimt» iMiiliilii® pvoimvAtiaRui vliletk mw ha sai^ to 
b« In a v«eitcnft1i29r puv* «tiitef i» oft«n a f^ iisaldiuKMi tMte 
ifiiioli In Q«rtttln %wm hm» prm^ i^mxmmmtmhlm in i^it« 
of ocnmistait affovtt* 
tm&ip y03jm tmmim ana n^pjmh mmtsM "vimmm* 
duiplmtOt Xof Dotes tissue (lOD g) ^?w 1|* %i!mffl| var* 
OttS H |)i«»ept)at0 tmifm pU 7»0| m proporllm of 2. g i a 8i].t 
In 8 muring W.m^mf for 2 nsn* imp m& ^oUoet^ lir t^ofliiliig 
Hui ho»eg«Mi<» tUVQui^  3 Si9^ @i« of #i0Q9i# eil^tht Zt im» 
««ilapifut«S fnr 3.0 mln «t 6000 fpi* Xli& ouiNgfOAtiiit wui 
tfttoA tiem tbft imi>o»Mtett« Ir aOditlJOii of 90 p^ 9m% tr 
««i«tite of inaQiilUBi iiilttiito« AiKiaainia «ulpi4i1w wm a^ Ulotf 
alow^ to tlwi cn:qp«iiuitai&t vitlt eeat^ tfloat ntlvrtiig* ISm 
aiactmro WM la<mb«t«d at »om tmpm^tmtQ tmf 6 tit* &(tm 
tut lii«ubft«i<» p^iodi i t if»8 iseeityifiig«& f«r 6000 vfti fo» 
SO Pin* 1!liQ s>(>3.X«t %um mm^Vi&3. m 0«s t^  pito&plwte 
8U|)«3EBatfiat iftts tAltm t^ «{ia <t«iiti»l$t!g^ at 'B'Mi g t i^f 
3 hr* T%Mi high $p««a f@Xl«t IMHI aiaeotircxl in 0*2 If phi:is« 
pMto i^ ll ?#0 i^3ff«i* asid e w i t r l l ^ ^ £m 10 rain at €000 wm* 
th& mipm^^mt wm ^ivm tim «^$Ief of l i l ^ m^ txm^pmd 
pl^ sjpi^ tQ pH 7^0 tfoitmfm h mmtt nMouot mm ^km m^ 
Mlat@a to l9»l^ i t to Wm mfS^inoX 'volmm* ^MB p»&ipmm^ 
mm ti@9 h1mmmi^9& on c« amm^MxiQlJOi^ to Sotwesiinf i t i 
Snimtlvfi^ m^ to o^apft?i» t&u v«sa3.t® ¥itSi tl»?t& olit«lD«a 
^ othor Q@t!iod8 of popifieatim V^uhX^ }dU ?«Mo 13 
0lioifit tbat fl^ i0 net jpittQipitat^ li^  naditioi «f lenaolns 
imlphate m i% m^ he ttttt HW i@ liia«tttftt«d iT i^@ stvom 
6© 
umiiiiinii «iirtiini>iwiniiiim» in> mmimmmiikmmmm)immm'<»'»im0'*<>'«i>i i»iiii>i<ii<'iii»<iwiiiii«i-ii>i»i»iiiiir-<«<iii>n«»iii>'iniwiiwi»w,i«.riiimi«i wmiiiwmwwiiiiiin 
cl&»ifi«S cycles of dSSStsmm^ 
<» w wiiiiiiwuiw —itniiiiiiiniiii'iiiiiiiiaiiwimi i mmnimmiimmmmiit 
1 12 m It 






2 pw amt P'M 
4 p^ 9mt pad 


































wii» »>i •! i»mmmmmmtmmmmm'mmmiimmKmmmmmimmmmiiil>mm 
^ iW@»(igt s^aMr @f l«eioii« pm l«of * 0 plants 
6 34MV«« 90^ irav* ii9«$ imf Mmumm* 
AAi^^^tif^f^ff^t 4dl41fi0titic» Of plimt m^mti%» to pH S«0 
w b«l«w r«iiiXt8 Ja ip9«eJ4|iit«itJifli^  of )%ost»pXQat ppota^m 
«i4«h •»• tiMA got rid off t|r • iotf<**«po«4 ofiBtilf^otiaei* 
i m ^ oontanlaaatv %m. h^ wmm^ l«r oOlnotSiig tbo ^E of Wm 
MEtMMits to ^3i3ir p i S*0» filler tt«liio(t imtt hmtk fmmM 
wHiBmiUim l^r soon wimmm t ^ t ttumip fUm tmmM 
wimm (M«^ tMHiit 19301« i^fmt» wmm taaS« to pupi^ ai-iv 
mlii$ ati^iflefitim of tlm «ctera«t« to ««eKMr» ociit«Bliift* 
ting iaiiitii*JlJil@ f}so& i t * 
pH 7«0 ^uftw SR pifctpQsticm o f l s i O ! a l l i i « ifwrlst 
l»Iitidm? tm B ©In* 0i»p wm ^i>%lmt&i W w^^B^tmim 
timmgit two im^B of olt«6«« elottt nMeh ¥m o«itrif»€ed 
fojp X0 alu at 6<K30 i^n* f^ c> pH of llto utipiiisiitiiiit imi 
i^JtietoS to 6 4O lor fiOQtlo «eM « ^ i^ oul^ AtoS At vom tmpm* 
tmtfsm fo3? 00 nta« ^ft«v tlilji l2M»il^tlaa p@s»ioa ^i« pil 
i»is aratt i^istoa to ?»o 1^ HfttH* kttm iretttjfiisttt^t tbo 
«act»oot mil (i«iitrilti8oa for 20 isiln at oooo «ps« l^ @3.l#t 
UStO 4 i i 0 i ^ f i d t i M tllO OtUO'iHAatWtt 0@lltl?iftlll03 fOV 3 lUP A t 
1S000 g* r«ili«t «tt8 saspaadoS In 0«8 M pihosilifttt pH ?«0L 
lyoffor ma fivaa a omtarifttgatim for %Q mSXk at 0C^ 9m* 
fbt oupoiAatint net s^^lootoi to two ms»ii ttltiiaato «s^«l«i 
9€ liSfli>^  («ii3 tmh^pmi ««itri l^atioii* 13i« p«ai«t ofrttlnti 
twvm tlM thUrd blcti*'op«od omtytft^^ticii vm disAoXiroa in 
S Ml of pS 7#o piiooi^tft luff«r# & innll aH t^not wm t«iE«a 
MoMi8i8r«A lA &« MMriiimiilnr ^ <it^M«iMo tto ijaf««tftfi%r 
*03L« 
e « ^ lost ^im B:^ is purifiad 1^ thia mrttioa* fim^ i» 
eltli€sr Inset iiratNia art«r InsolMitian «it pH 5«0 or i t 
Qgcp^ c^ktes fi£ii Is loet firing tins l€ni»»9p@^ n^trif^fitlon* 
amM &o mtmt^mtst ntsmmt^mt^ md iMirtiUair pax^SiM* 
Ct^UiUi p%m% "fixmm ^GQM tm &o%mtl^'^ pr@Qlpit«t«^ In 
UMmmmm iW$B) ten iss^ dt A pol^&^tMkm a^odmtsm 
•ttlplUktA t(ifo<*f^0e trttcii for l^iotetlng pl@»t ^SX^IK^ IKKI 
httft cKxapaaNia i t vitli pv^ipitatim ^ 1 ^ irixiis HQT POIST"* 
«tlri«»t i lreoi in tNr psmmxin of •Git# tfae i«iaoi|»it»t*«tt 
pVOOOAUVO P9%f99d tO iNI Ml <MffOQtiV4l Ml tlHI tlfO*^ ^NHI# iQfS f^R* 
t% iHMi «lto b«io iMo$ lot t ^ putiflootiai of «oir poo woi i^ 
iriiiii •Ad imi ockoticai tsoooto ria/m Vfm Eumm^ I0@7| 
nnSbmBA maA rotooOf 1071)« sorarol pS«at vixooos Iwro IMMO 
oUfifiod mA povlfiodi I r otopo&oo voooSatitii of Ptsik ptooi* 
pitotoo of vifiii o i^ttpMiticiio on ooailnieoo ooXamo ifmtimm 
ao^ Um^ i904o i»a ti| VooalMiQp ji^ lyui '^^ ^Ml ^« t t 1904)« 
«ss dQUQdttM thfouiH Iftfo 2or«V8 of dtMKi#« «X6tl^  and ^m 
nap elttmidd lif emtrifiii&tim it&» W nIss atf 6000 spst 
t£i@ dt.ip<imat££t.t «&» me(»siaf«d eM Offjyi«fi Into S eqpil^  
pmem» fo «a2, tlie a piHs mosigli HaCi iii»s e^ dod to sitil^ 
Urn Qm&mtmttm o«a it* Fi^ 6D00 Ceiol nt 6Q€0^  itts AddiKt 
to ttia tldf«3o pi^ ti^  to tafiiig tlio emefmtmtijmi ^ Piii t@ at 
Qce^ ttustooal^  iiAth m mm^tia Btisrsm* for 1 hr» 1 ^ pytid** 
pltato fossi^ fl 1^ mu tvmtmm^ %m& mllmt9& W « &m^tif 
ftigatioek of %Q nin att 6000 ;^ pa« f^i3S9it$ tMmta.is& mmfm 
f^ W Din 6t 600D vpa* ^to au^^matrntti it«rQ ft^ntrli^oi 
tor S i» «t 40f000 9p&9 fbe p«ll«ta v^ii Olseolivei l£i 
s ml of o«a M |^!^»i^t» pii 7 ^ i»2^w ims t^wi ftiiitrifti««(i 
fsor 10 Bin «t 6000 vpcst flio d«p«mati»il»^ wm9 ftv«tt 
io t^liMP 07el« of liliti i»<s |«ir ipswi efiKitriliif6ti<»« fli* 
hit^bimpmA p«U«li ii«r« U^m \mfm li» eokiv ttaA no WMum 
two «r*lM of Mgb ind lofir upmA iimt»tt^stttm vmm •imm 
rnnA mmmnMm la ol«pitr v^tli iii»i^ )«y£iti{»ii t^msmA W tlM 
tide «ci39iisSisg «Ki?i fareedlctj froa iaimrit^ Is iraw« PIFCN. 
nasm^ tmt nU tlis ^elsm 4oo@ u^ »m» to l»e laMtdipita*-
%&& !^ 6 p«r ©ait %'tn fmm pe^^mtiam 3a 0 ^ H ll^l^ 
ttio ecxi6«iit3rat^ si of 8»lt i3ight Imire b««G a SJaitSag 
&.m&ttlm m& s^b ti^at ^ngr mm &^$nmte& tsfim fiolutlci» 
IQ m t^am m t>m iM emttitm^^ tlt^iM of 40»CK^ to 
l^ iifttiGa »Gq|i:^ Q@ m1^ ttm opplj^jatlm of aXt«fii@t« irtUtt 
of loir^pooct ips hi|^*s$o9a emtfifogntim* ftm pplnoli^ Io 
of tliio tootnl^ QQo mAim m 4iiitmmem m o«iia«ot«tt<» 
fo%Oi Foottv ooiinsitiiis o«B ?^i»ffiti pol34it i^mmmm wlmm 
roiiit Mfttaimtltec tmt«Blao^Ui« ooB^ ^Mttito mm p«a.2o%oi 
f li»% ma tiMi vJumo ooiNsiAft B«p««t«A o«it]Pil^ :^ N(^ ieii ot Ion 
aa4 ia#i opooA alltlisotolr ihwulttt in pDifif ioatlm of «tai0 
f'ifttit oiff«r«x%ifti o«s«r&fB«ottfiii IMO d«folop«a oo «i 
m m 
es^nlm of lot/ and li%h 9pmA mm» Citilght| 1:963) • H«si^  
pnjpitsr tiod isifeotiiritisr of t$m mamm^ vims i s goo4« 
ligation film® wm also ti?i«6« iBif^tisi |^ » ,fflfff|ifl|^  Hstme 
0*0 II pisoeptmte pH 7*0 tmftm Sn pms'^mtlm of X f i $3 s i 
In @ mrini bi«£:iS«r* fli0 mp ifos sMiii^ sod C9»t tiiyoiigli 
2 %^m& of «&<»o»«i «iot& m& «3arifi«a Ir i«iitrlf^iiti<m 
et 6000 «|ei ficKT 3.0 lain* Tim IRISMNI9I@%I&% IRMI eiiEitsift^id 
At 28000 vpo f^ 3 tir« F«ii«i; wm ai«»oiir«d in o#2 n 
^S^imphAte pB ?»o bitff6V m& <smlstif»g«a HKHP ID lalii «t 
6000 iFpia* !i^ iii» «ti|}iffiia«tiiit wm $ivm tm mt^mmt0 W9im 
of hW!^ mi& %m*np0dA emt»%Xus^tlm* As t l^ sH>ii«t 
c»bt«ta«s aftar tbm tliivs lii#t spooA aaatriftigatieii mm 
tpiwm in eoimup naotliar c^aia of Mgh aoa iov »pm& wm 
iiv«i# tiie f«ii«ti oiktainoS idftat 1 ^ foavHli Higb apatd 
aaatvifapitJ^ vaa a t i i i gmmiMh la oolout and ^ a 
iwmapaDAad paiiat aftar al^^rifiaaticn aiioaad turaa«Mia aC 
piam aaltarial*- liN|»fijra«ioai obtai&ad at diffaiiot ata^ai 
of yttiifiaatlaii ipava ^itita lafattioaat lofaativilr aaa 
QBs,mp& m^v^^i mm yaxUlmtim of nm&mX ifisimm 
t«(ums1bi3.oeld« m^ elOoKifom* £9<i!m&ia«r (3L063) iati*o<la(i«3 
of tolsmco aosnie vlxnd* certsis f^^^em^boit fnwli m 
fifm^m UM (i^}^<c;%l*) dud tst^f^tm* ulm» or m tsljeturt 
{XW$)* B^msm (1986) mpljo^^ist n nis!ttir@ of «pia3. pmftB 
•f oiil#9c^ma mA i^ wlmtMiol* M tSsSm pism^Smm tbe vim* 
ti«0 am tgmmimvi to tlie AKi^ ftle srf)ft9« m vowOa la ^ ^ 
pvo^ ttSiiyi tRMl lMnr« ttio winm p i^f^ ieXai nadw tt is^ la tm%f 
8c»e «»8iiial« •oaar«it» vift*f mif%>oii tftsii«ohlArii» mA 
ehI«r9fo«R wwrt ta#«s iwt tfett p i x i n ^ t i m of aw« sm^meU 
phoophat® pH 7«0 bu^«r and Imtts&oX ixk i^afopo^icn of 
i g I 2 0X t X ml* 
fmUlmttm^lst^ igi?....irith.fliaioifo|o»at t;nf ma isu^ifi^ 
&lma» for S u^«i t i ^ cBul^ioa iws teosaeo t«r ooKitirll^ 
giTk{^ rer XO :ilii a t CX)ao rEX3« Slio @(p»cfim ^^imm ym nm^sst* 
aim^lsf^ In 04iS M pb^ptiatu pit 7*0 l^soSfm m& ^mimita%^ 
tmf xo aln at 0000 wip.% ^m m:^,mm%m% ym giirfio 
2 aXtMiKttMi oy^Xos i>ir blf l^ liiati loir»apd^ eiiatcifiigiitlm* 
t icn «flHi eTu&m 9l%gb^39 lammxija^ wM tm tttsmm of ^^mtk 
ttftiv Hit** i r t i i t «M^  i i i f ^ «M xoi»»»p«iift cs«i%i*if8ift%&i» 
IMS «x«gty lam'Mmmt «id iii«ii:i^ isf<mticKui» out of mXX 
tiift iRsriflM^Sflii pg»iift>i»i mi^Vm^ thl* pfflv»s to b« tlsMi 
BQ0t efriMtlAWt BltftMMi« lnf«eUvi!9r 1M10 fou»<! m «1MI 
pvapamtlont (tMb* 18) m mmptsf^A t o tiui «»tl)«v mf^tmim 
mod mA tbm lafcetivit^ INUI siAlntdln^ ^itotigl^mt ^ 9 
piro««d«to mm tiimXi^ m^t^ t&r posei£sti^$ H^T mi& w&» 
mM%m&^ mod to» iaolAtlm of ^ 0 vims iwi$« £^ >« 
4^^g^|g§i FiPddiSPig of ptrnat t%&mB ifo^Xti M eoi^latiaKi 
or i^ omt) pr^toins* tt m ^^imm iM not l£iiiiitJ:imtoa W ^ i s 
tmm Simm^ t ^ i^ uf^ mmlt in ^smsg., to fM ^$jem 
pKBtisiimm rmim^ m!bsm0%& m ^msmse^ to l» f^t« i timti* 
Tsama BtoiHi d«i^2a6 ^ ^ic viifiiot Furi% siO^  i«»l0 «(iiri»cii* 
nmt mm dttfic&laJtoc fttotomi in t ^ »l»^ia.i% of « iriinii to 
k%tmsp%» wmm »wl# %e imrilir ^cp i|r 4iff«r«iiti(ilL 
•iQlurif^atim me%m wmmml «f maMii ipUttt i^Kiti^t end 
puppm^ iatmfiM plant Ummm (iOO g) !!»<» g* yi^fflfft 
izio(mitt«ia io ^ » «i»ii«r mB hmmmimA v i ^ o«& tf pho^ 
pfettttt tuff«r pH 7*0 la pfop(»e^im oT 1 g 1 8 a i 1» a iM i^rig 
ehmmm ttloth em^ tti@ tmp 0oliittt«&» 1% V&M QlmsSi^A W 
&ft«r 6t<»rQ80 « t «^0^c fm* 30 ^ i t ms timg&& mSi «g«ln 
aupe^mats&t w0 Gmtrifm^ «t^  SSOOO ;pp{i ft» 3 l}S>» Hit 
eiieitriftsg©^ £ ^ 10 e^ ijs «t 6D0O rpBt« itnj ciup^Mmati^ t %ms 
A mmtl allciiiot vstt 6i2^tC!a %» bs'i^g i t t o tliei o^^liml 
vohm& mid jtetomilut^ to £ • fUJiiffBflt'totlfllf'" i^ @@ffS»f su^xsii 
to liiftiitivat« mWm UQ infeeti'Tltr ^28 famia lyta) ^ti?t0t» 
ino«al*%4id to t ^ littftl l«85UaKi ltQ«t of ^ ^ vli^isi* Vimift 
«otiM not ^ a«t«et«a At « r o^iia* stdg^ of ttm pssUlmmUm 
pfrnwdnsOMi i^itlk WIS mi^^mUA MI to l^ i !«»« iKf Inftotiirit^ 
iMd oe«iti<f«d ttt HIS mvUm • t i t s t 
«3© • 
umnl dmmttst gm&im% 0«iiti?4f!ae»tiaa« ftit last tvoefli 
of aamitl. pUsat px*otelRs una ottier ctc^ itiiml&iitlisg aet«»ftai3. 
^ ia!!ii>l0 of f3 sil of %bi |iti?tlftll^ pmifi^ "fimm mmpmBim 
tMM» fl£^t0!l cxk p&^^tcm.^ ISnmxf- 9mt'm& gj?9dlmt c&txmm 
for dl^fcffmt X«agtl:i0 of tteSi j^if 3iag ft'ja S to 4 hs« et 
S4r<K) i^ ci Hi Bi! 06 #1 rotor i*^vitQa la ft ISc i^t BGitt^tag 
bin^ %Mm tM t^m «#r# repl ies Sn a <leir^  vom Ir pfti^m** 
tixa^ « DariiH^ b<iKi cif Hght (!^ @si ili^ ti^Qs fron tb^ top* 
hmt »mQ2sx%!kM m» (^taluM after « <?<Ritrllt^ iiti3% <^ 
tli« i3«nltttiiji| ttft«t A e«i1»pift2e8tl» of air Iw at 3t0Q0 tpo 
(9iift 86)# si|rBf»««09 Iri^liiftl of MW nmm $Mmnt& In irplaeoh 
flMi ll#xl gjitlC'lHi IMM iqM «^i«wS iNiproaiitllil^ i^nn 
8fttiil«2 mmemA tmm Um tlgiit tvAttiriDtg mme wm miMoA 
lOm T^hmnitmi^ ittff«»t mm s t 40000 vfna i ^ st i^ m tn 
70 •• 
wmtrnprn^^ in 2 ml et phost^ hvte \m£fm mad ttxmt^A fsa 
top #f linmm suetote doSxsai&i mA nm%Hf\m^ f^ ^ i» 
at MOOO jppi in ^ ^ ^ l K»t«»r« 
wm m metUmt o^ ane to th@ is^at «ttipcii(iiissi aqpii 
aQoiiat of Snf ^ t@di gri4 tiaaSW tidimo ^etm plmt& of t ^ 
mme ag» a»d gyowKi vm^mt ^^ emm i^mdiitlms wm su^oati^ 
to tlia psmSSUtkttm proee^ luifo aaefiribaa mstlXm* H^ 
p e l l ^ ol»talnad aftar ^tm iMx^ vy^lm of Mg^ ip^ol @«oiti*l« 
ftaitoS m 9mrmu dm^its^ gimaiixit 0olsm»* en t^a ^ii«4 
tulia m ^ 2 ml (^ o«s H pboapltate ImStm pli 7#w' ves fl£mtQa# 
tSbd tuiio® noro eontrifEsgaii at moop f|i3 to uii %^l m»tm 
tlM9i tulie cKi i^ h^dUi^  pfcpafifttifiEi fsosi lAfaataA iiXttotd wuit 
I3«at«l aoid ncua eouM 1>@ aaea lis ^m tatiae ^lieli «iMi«e 
accitaliifli& a prapatmtim tmm hmliS^ tSMmm mf mi ^^SMU &M^ 
pliaapliata imsfm mm flaataA* Xafaativitsr m&w ^ mmplm 
tnm tlia Ugm i^attavl»c l^ i>^ «B^ 3^  <Mt al>ofa anA heUmt tUm 
wimm 9mm aiiawaA HMt aatwlal fmui tba xiiHt aaattavlai 
•ena naa lili^iSr Saf aatiaaa ifHaaaaa ao lof aatif ilgr aaaM INI 
la^PTii'^^^a F^ T^wa miM^ ^Hfcjw^ jHwat a^^^a •awap*a^ 4W aiwafap w ^^^a wfc >^ ^ wa> w^a^ ^^w ap a^ '^^ i^a •^ "^TSP^^^a^ ^aai^^^ 
FIG. 24 FLOW DIAGRAM FOR SPINACH MOSAIC VIRUS PURIFICATION 
HOMOGENIZE INFECTED N.RUSTICA TISSUE + 0.2 M 
PHOSPHATE pH70 BUFFER* CHLOROFORM IN 
A RATIO OF IG-SMLMML IN WARING BLENDER FORZMIN. 




CENTRIFUGE AT 7610006 FOR 3HR. 
PELLET 
I 
DISSOIVE IN QZM PHOSPHATE pH70 BUFFER 








DISSOLVE IN 0.2M PHOSPHATE pH 70 BUFFER 
CLARIFY AT epOORPM FOR lOMIN. 



















DISSOIVE IN 02M PHOSPHATE pH 70 BUFFER 












FIG. 2 5 
Bom m\mmnr. OF i^m^tmrn vmm wm^PAmfim 
purified vivm pem?s^t%tix>a rmm%e& mm ;;ohXl@p«» p«Mc 
{rig« O0>« !i@(ftstmt&^<ii Qo^tieimt for t ^ ^«iis iuBt 
ealQtidtat^ to l}e ISQ C» ta &m&mt »sm nni^ iit tli@r«> m^o 
of «d^ other ^oalc at^ i%a «i»irpi««w is IMto&tiiro of tli@ 
lKxi<^«aoil!r of tlt«i p^ r^ ^Kiratiim* ^o i^|gr«eiitlim &mm «o 
oemir ^ 1 ^ pmtitSMntlm pfotoaure «<l< t^oS* Hio ««S|j3«i^ 
taUon iNHtult Is In «gr««»ifit vttt t^% c^ylnlaiil tr dtnsitsr 
gridii»t «4»itslfiigtttim iili«v« « single llflit ftoal^orli^ 
1»i»iA tMM fotsia* It alioini t ^ t thiip* In a^ mm ^imtgifusi^ 
Tim pm?tti&a rijem pir^^areticm Ha* {aoMtaJaoS in si 
0*a M p^otphut© tmism pB ?«0 3»4 t^ lie vimm p0ll«toa i|r 
h i ^ speed emtri£iigat2^sx« P^Xl^ im& apeittdpaQdM In 
0«3 H pl^ ai^ hiitd fyoff^ r pil 7«0 m^ e^ntrlfy^^ for 10 isSn 
et 6,000 j?pi» Th« si^mstant wm mn^ edtt^ pa^op^ 
aiiutim to aetcifnin* t^« W ftlasi^rpticm np^etim of 'JW^ 
23B tm CFIi« 07)« 
wmmwA twm ttm visibXo liifii9tlots9 wmm In 4#isit^ 
gmdi«a% tiOM* if«Pt MEaaluod* aia9ro«« wm Vfl»onred fse^ ei 
tlM iMlMtial fMntlag viiii^l.* sijii«« la d«idi% ftf«41«&% 
^Bbm W 4iii»%l»ic vith ttuff«p ana p»U«tlniE thci vUnift W 
« lilfli fp^ ttd vflntrifiifa^m md tlun Mi^iNiidtim %ii« 
ittsiMnticn t|r ««&t9tft«laf at 6000 vpn for 10 »la« . 
All jftvc^ai^ tlcQs itmmt^ ttfes f^ r^ oK^e of £tmBmm 
tma X&ti a@ HMH ifS&m 3i>» Fart lol^ i»lic»» ir«ifi«itim M 
%m$i&i Wt m miiti/otmt mmbms^ of pnxtuim emM aot 1m 
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FIG. 27 
•000*08 ^ m$%mT;;fpMm *m^»%»Mm 
F1G.28 
*• 74 * 
cttapttir § 
amyum 
Purifies vlifu^ s nn'^  nn^M 8«p fi'OBi lnf@etM tof^ oeeo 
aoniblo diffu»i@B t«stt* Fifft 29 shp«» tli« r«eult3 of « 
tmt m ifhliQli pmfiti9i pmpmm^tm^ #r isi?| sap ima JW 
tfii>att«i» pXmtu mm B^ W ^ v«ai» aiovcifisulli^ a #m1»ml 
w0n ntmtmiaim ^W «Ei«i««i«[@« ii ff^msf^ d«riii^ i^veeipi* 
tatloB Xln« 1W8 £t»ni«d al«^ii|r iNifwMe i te m^s$s^rm m«Si 
b««iN»iO tUm «il(l#«mn viail ana Hw vnOS. In w£il«!i i»^ ifm 
hmV^ ««l>ae«o plmtt HM Ml ii^« 
rimm ptmm»mm mm im%9& 9mSmt 8»f©M dilatlisisB of 
tli@ anti««faBi« k «X«wr lin® of pp@o%itttlMi t» dlsootiillilo 
ti^ to « ailatioB of iiiM of t^ D mn,§mm* 
Ttsmn.eaitTml(M toste vii^ mtisiam of 3 i^i^utoo 
rovoalea that . 1 ^ is not «Hs»|jitoa 9oro34)6ldo3J^  i»it^3^ to 
tQtiftooo ^i^h 09 1 l^ii4«tl ^ 1 ^ i308«l« irivii£oi»* It mis^ im 
«i| l f»|€ Q«ll«|4« t^»ffl»|«S| m- 9!M$ 




wuiATBiJ A'a) mrFjyriFnr OF mk 
fh9 '.iiiA «Rtmct«d us outlined In O^ptosr @» mMt 
Qm0istaat!t2r fomitl to %io tnf^tiow* It gw@ s ft^eetinm 
6ft Qhom in Fl^* 31 i7t^ m at3»0i^tim csf&limm at 000 aa 
m^ Eslntoim at 1^ 30 i%)» Positive remits m/m Ql^mod 
W^K tlia ma m& tmtm m g^ mmiMmlm^ *^ «^^ i ^ ^ 
IxifMt that 0t IIIA 9 
jiXiitioii of mioI«itt miM p^^ip&iemttmm in 0*2 n 
phMphmim Imffor pH 7*0 itme i^tmp^mSi m to Hh^ix Ixur^cstivitr 
vttb tfeM pAipmt irSxm solntioA ecntftliiliig OQ^I i^ toimt of 
mmlmia aoidt Xt i s mijOmt tmet £«!»a.« 14» ^ist ttiij ni»X#l« 
•9ia iMP«f«x*«itiois diitit^^ %m timm 90f9 abmit «s emsr tmiem 
m ^tm p^fmt viwm solutloci dilutttd id^Bmm& tSaco* Bm»m$ 
tlie liif «etivitsr #f ntnliito MIA INUI Upond t& INI X p«r ttm% 
^3ftt of Ifttaot vinm doatolnijdg m mm3^ mummt of auelole 
«oi4* BIO istisMitim 9f ^Sm velativ« HkfMtlvStsr i s ••«• 
i ^ t Snp«tQi0« «• tli« acaapofiacn m» nmiii% m HAaa bmU 9i 
dlluticn m^ tho aotual jrioM i^ mis IMMI out tikkm lato 
•i«Qaat* 
*l^ m 
ilWiiiW'fflnim'inn'Mi « »i iiiiiiiiiiii'iiiiiiwwiiiwiiWiiiliiiiiiiinjiiiiiwwwiwwirwawwiMW^w^^ 
*m»M>'»'immmmmmmmmimmmmmmimmimmM^'m(mmmiilim» 
>iii Ill ii i»iiuri<ii'ii.iii<i>i<iiiiiwi<i<»ini'j«iiiiniiiiii»«i|iM'«iiiiii«iiiii>rii«ii<ii«>>iiwiwii<il«'«iiWiiiii»iliii<lw<iw>«^^ 
s# w^ If @ 
4« i O ^ HO I? 
6» XCH 0 0 
6* acr^  0 0 
iii»iiiiitiiliiiiifliir»iM<»i«twiw«Mwp«ll*i»*il>iilit««^^ iimumtmmmmltmm 
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WAVE LENGTH (mu) 
FIG. 31 
ttiK^ li3f^ot| xm% the Immt etm^.m h&ia^ nm&le fai^s^%m»» 
Isrreotigttml ana %h^ Mmtitist ot ^^ ^tsm eemUig t ^ 
,mQOftl;0 ^ t i ^ f i?«^ t2o<3a md mM%mt&^ tmvm^ tmm^ QhiostmiM 
aimottt yihlt% a^^om m th«> 3.t»@¥3a isskl'vtwtdci p:ldQ^» 
2atiaa md dSiio W the green pdae£} fts^cl U,* iflOUfiii* 1S^ 
igi«id« of taPttotniitiiGii t^ »pln»®^ ^ oseln ^^ lUm^  £mm to @^ of 
an? hit ft ttodWMlw iwat iint«» inl^ticig 34 ^«oioit dlstrl^ 
]9ttt«<l la i f)iaiH«i| ir*t«Bld«tl;rt 1^(0 &pmim wmm fomul 
£» w n l i i v«r« fowd ito ^ S«i«X 2«tliaii iiottt of t ^ irSjftw» 
mhff mt mm tmpmmtmm m&MM 9t% tcPc* me SM% 
8iiitft^l« pH li«p »alistiliiJN£ tae laf ®©ii¥i%. nai IRoass^  t© fed 
pit 7#0 i«^ f cMid ^ pvml&^ Wm mm% miimMj^ mwimxmmt to 
wQdmi^ titt Siir#@t£tr£t^  on^j^ipul^^ whmmm Mtmml p^mm 
tm mm% temgiag nmsjijat mimx lots ^ i2%fi»ts.i?it^ * 
»imm «r tiMi ^mtrnm wm^ mitmmw *Rfiitttir«* f!^  last 
9ip^ a«tti<ieMi iHtoi tflHiMifcmwl m Wkmm wmwmm mi^osmm im 
# IHT ftt IMOOO 9m tmmwSi out Ugttt toetttirlftg hmli ttltOAtea 
aodi£i«»tflitim 9t&&imt ^wmtM the p^mm»«^ ot mm 
atxspQnmt ma tim a«ai^<gitBtlm ooostmt mu tmxi& to aao®* 
fh^ jfo9Ult l» in «gif«aci<mt Mi^ tfmt {^t«ln«a fesr a m s i ^ 
gtftaicitt omtvifopitiai end 1^)03 M^¥ i» ebainiel^lSda lir tliii 
Of !i^ 3.0(qpki^ teln&« 
llwtootioiis pi^q^mtlotts of .4^^ Ru* vimm obtalaea Ijy 
on? Is «tii»iietirlift3 li^ tslif» wiNmm% of fl«i!moi»t film«» 
aiiitoiif pMrtlolt* i@0 x» Kut and M^B OR liliSo* 
»lo«o|i««ftipitla 1M0% tl^Mi «r 3ki6l8« H I «c«»««tl doiti»1« 
mtfrnim. tmU mS^ GB« lSii« of ptotl^&toto WM fomoft* 9o 
•«90lotio*3. »«lfttlooilii|^ iMui fcwiMi «tl2i toioQoo oteli «MI 
aooalA viifiif* Bmwtmt wSxmm hm hmm fipovtad to liuToet 
• 10. * 
nm% of t l» m»Um wi^weU %muu $mcml«(tm iatmmtim* 
mmrntrnf « «ei)^iwriiai of t ^ hm% ««si«| ip^tceuif pm>iMt»* 
t i w of tho viffuif sofpholdcr «B^ ««dlsi«at««i«ii ^olittvlotit 
Vint M^i other viviaioe 9«po«t«il m tiio Ut«mt»»@ t^ laf «iit 
spliifteh mmmtt^ tMt npiime^ mm&U irirus Oif f « ^ ma^ koSlgr 
FtiitcsQ (1060) ao8orib@S ®l3c «^mSii« ^ mmm^^mt vimm 1 
intmt^m iplnaoh* Um® of ttio »%i»las doseribod wmmib%m 
tHo iri«is imdor i t ; ^ « 'Stm ^tsula of oiiom f^iie> Tibms % doi^ri* 
isita %^  i^oolittlo m^ :mw {WBQ) ttm g,!ais^^}4^ ffiHtlOTHiri ^ ^^ 
IMaUk ffte|f|ff% i^ <l |*^f«|| f |^ | |y^ iMdb jM^ li^fottt«i 4|F«tirai» 
e « ^ t^ i^y stimln of «i3om c^ar w$^tm t uro not lufiie1»«id Igr 
iKV* aistvwr* (19&11) id<iaMfiod 4 stimlmt of omiMlNff sio«aSii 
fimm vlilftli iiffofoS la hoit spmg® 30^ flis^p%<ii OK^ntfiiaii* 
tlio BpimnsStk •tmSn of otMtM o^r aciffftio itirm ho stntioA pyodnooA 
Alcijpiflo iMloo^ m yfff'^ '^fftft J iMin* i"^ ^ ^ ai t t lmt ^rea 
aii»ft«ii*« HilmMili HaMlsi ^ «iiii»i£N# stoitio flBXi In i t s 
liioUU%r to pvodBio tmml looioBs on g# jtfbOiHft ii>A i^ l^^  
Tliimi lliliiiilfff «Bo«Nv iMNit w iiitttli oYioonl»i9r Koooii wimm 
9M(liiO«« S««al l«il«i» (Fffl«0| X9H}^ mt i t oeti»lidt«Pii 
Slu^Uilr to laf«0t Jtfffffllfl .if^^yy i^fft«iiiHi].3l^# 
for ft eospikifljitm «P# bi«t mm«^iM vlasd ita^ «^Qt jri^ LlMii 
(<m$fiy hmt} wntmlm-m «a4 on t p l m ^ ^m»m mmmm 
mmtX ^ ^ i « i^seh Qfimleseo to fom lex^e litfid ^htmo^'^ 
«t«fii m t ^ sroi8iir<i8t tsmmii oMm %m»m hmtm» pi«igi^ M»i<v«1^  
ifW m&^&$ m ftlt»«@f^i»p aiit«r<xit % ^ of ipectoticat* It iilso 
difr«fe tifmt hmt ttmmiB 'Vimm in pt^»i»nl ptepmettm $n ptmt 
•i9« mv 1mm « higliiar i^^ smftl- $ii«ottvatiifi m& SU^tdlm ind 
point fioa i?«tmla8 luf««i«ivilr for Q ism&t pwioa %;liaa ^tovwl 
•% wmm tmi^mmtfixm* B O ^ ttio irittiiieii mm eimmmm fXUmmtmm 
•90 tMOoatttoA %r aii^i^ l»>t tho soAo of IwanmMlsoiOBi Alffom* 
SMV ^iiffoio tern boot sro&iovi irixwi (EAwBi^ f 1070} in 
i^ SPisptcatt (Miiirmiitoii OR iq j^nooh noidi Jto tlsii I(M#I>M1II^  to iafoot 
•ti8i» Ikoot iBrot«slioml3y^  is»i ovoio irl»U»lo nyai^ tflmtt (cmo 
imi^ Uvtr «M fcmoa i|PQpt03l«oo o«i«i«r)« ^fl^gftfcp^ TPfWIOTI 
ii!}loh lA eqaolAotod «uitil»le torn oo^toSnlnE; e^ttoro of iNNit 
* i s 
utiflgrit* aw la t»Hiaaitt«a t«td i l r * c i^ Isn* & hSghir I^««si6l. 
lottit ivfttim pelatf the §«»« dU^^ion m^ s^olnt md 9«l«liiii 
is dlso a fitsi^ iiSHia fllmmtafis pfl^tlo3# l»i^ i t iB wsmh %m$m 
t t e i um* nmt ^elloits vijem I lka rt^ i? fomit a nisagla l lgl i t 
8«att9rts3g Itoni In eiie»»0 am9i% gsadtmli e«»^tHJ^gati€ti« 
of ftplaaeli if^p*ott«^ 80 liyp f vom &ISIA m<S oast tum IKMVI 
ia«icitl«ttJl to mw viyiM 9«por$od fspoa cirt&or mfm^tm to 
I n f ^ t 8|iiiiiieii# Plr»loii3. pvGpmttm in plmt miff tio»t fw^e 
ifiid fismptoisii «pfo^S on 1^ hmtBf mg^^t Wm% wptamah mm9tSj$ 
iriMfm $M h i^«rto an wi»oe©if«M • ! « » . m« »iia®, apfiaaafe 
wsmi» vifiMi [ i ^ i * ^ I B/^ I3 I aAp] u amgaataS for tlia 
DESUill t!lXO nCI^ /ilvJ VESTS 
• 84. • 
It vsm fotm i^ to Issnro li^ eoDe pfftmtmuivel^ m&m viroiixitt 
<${m9$ng ao to 6D pm nmt ^s^ago la Hfo s<t^tci«tit $xi 
lOM ^d WHS aetoetcia In ilodd iK^ tate t^lmtn In 1933« 
larc^t«a s^ Iiints d«9«l0p vixy Mtmi^m homm nmm Att«ln«a 
t^oBjsf pmpew si0o «aci ^ M M t ^ iatfifiireSiiaS. Imiam* Thd 
ai@«»s@a roMags vm^Mty BimlvoXtmi wd dlea* ^i» irijms 
^ 0 ^Eutotlinit^ lir n^ e^ suipo to & tmf^&mtmQ of 6CPo mulk 
to 3€ por Q4Kit 8:ieo^l at s^Cy tjut not l^ aiaatim t:^  to 
S^e<i of inflao^d plmm im» spifosred <m ot tuooulatedi to 
!iM3ltl|r s»I«iit8 tiQT m«aii8 of n iQr?i£ig(»« A i^ m^wr 1^ otti^ 
0OlafiM«(ms plotiti irlff*^  potatOf f^i^ ff^ ffi jllfifiat ilUMI 
Mtil/oy^fliii ii« lISWSQilSfili IHittilililli .fnfly^f^^f telbmmt 
I« frtfT'^ im md H* ||i«ad«if»f ii4»r0 fenma to be hosts 1^ tNi 
4 wMMiio tl»«fts« €C tHpSnlaX !««» fama to b* of Iteirly 
^wixiMUm di "urntX m &haxmml ana JUi90s^3.«to g n w ^ Gi 
fstift 2«iliiii* Oed« l^£iifi3L3^ f ln^i p&%9 9tr«ir eoHMPedf itoa* 
4«r^i€»]^dat of rion^m and imxi%$ ym a lso t%ot«a# ^^iis 
i£ici also %' ifiB&fpaf^  ^'fffililWg ^i&t« 
l^ iy^ lfflHH i^HMptigsiBi ie^ fi£'« /iiPSVQ P i l o t 0S3A Jlftf^f^r^txUi Kfalliniim 
ii«»« ttm^ t o 1>0 sa8iOi|itll»l«i t o tho irif«B» ^moirios HlfiUliMft 
mm fo in i t o l>o M P trtfiialaitil>ie# Slio viiiift WM t«i ia i i i t t«a 
to 9ii»«r, toMtttot mmmm»Uim UmlmllUtiUm* Msimm 
J^MHWtt ^« ^f^* &wpm Pllot| fipftjfl,^ llnrlffltli inA 
F***^t^ ftlUlTfilH' Zt atoo g«fo 2ooa3. and isritaiiltt r l i i i 
•potUcig m, ^mMliiM ^^ft^im eaaiH nmmtie %mmt tmimB 
0^ tlt« pv^Mtm twrm of eonpoft vtm* nimkf*«^9* loons '^it« 
Barli^ totmetm pilots <l@r«IU^ ed eiirtmlax' 9!ilorotle loeat 
tmlnooaUtdd id6ir«i« QM&f or |H3oif^  gvonlng pl«at8 «€(¥• 
Sfe«3 Vitus a^ft fotmd to i^ rtr^  a t^imsul innettvAtioa polat 
of 7B%| alluttaa aas inattit of 10*^ oaa 3«ig««rit^ i a ssUsSi 
of «i7«f 3 ii€«^ ot J I^»ao%* ^ 0 irist» eociM not tm t iwis-
tamd Uihm m mmmimal ^mixxpm 
oist* at H^ odft m& o«iM« S!!ie mithotfi ttoneliiiidii timt tl)« 
ais«eMB9 4«f}Qrll»<ia Ir B^&tm&hml (I9ft?) ties aot t&e^^aittod 
W l i i w i i i iiffyfiyliffii f i^st» 
^i»mtm of lavSulttl jbd tim Bmam* (Mi ttm hmm of hoit f«BgOt 
•fiq t^aMi l»oit»«S ce oortfiln hosto sEia |kXK^ «v%l«t la onidt 
•tip fivo aifTcarmt ^$Jtmm INNPO M«iitifiod« 
< *^^  J l l l « (3100?) voportoti tt a«ir mimU itUmm of 
iNrlEiklftl. ohftHMtiviioei ^t Boesie ^fmptom with jpf>cfioino«i %mt 
07 * 
y«Ilcmlagf •timtSt&g end W9&m0& am%%em&^ of th& nmmm 
i t i» Q 9t»itlii of £mmia^ ©s' nosciie vtsm m Hi© bastfi m 
»tm3B of otiB«Qib«r sojiale vicm hmSn^ s^hmio&t ^rtiitsiim 
ummmim 30*^ msi* 
liyr IHK» g^ rom ptaeli cM^» iSMil WSSMBMP ^ ps^ odiaoea naeimtio 
•tiling i^ t^ ticx39 m Ffaftr^B. AliliyfilBttv iil« .lll1Bil1^ .iyililffi1tfya t 
>9^»9p^ «^KB« cn Urn sBSMSk vwm» njm •^M'^iioom Ts^pe^ c«dcie« 
JUUM mML* m m ^ lelssEliftf ura^OTa^Qtatt .mal^mlai«»« 
litNBttBBAlHi AUMi« ^ « vifoe m» taam to l)@ itif«QUvo up 
to • dilxztlm of SX»"^  I totiv@ t:^  to 06% tasod hod o Xcagsvllr 
Ja JJdWI ^ ^ ^ ^ 9 at tooia t€op€3S?tttti£H;? (04%)• 
*m 
nmmle aumm of tndnjal m& idoatlfiiN itve ^UUn&t 
mM tit&late 4 as n uti^ a^ln on: ^rnvKitim mmuU irirus* as 
at uti^ifii Imml m^ wm^ mot fslatocl te tol^ fioeo isaeale 
vi3mi* Bs fiuisigaiia 4iff<(ir«it: iimeg to tla^so Isolates* 
taw •ifua $• mmf^ teattimtiisltol® ^ Ja©«ttl«tl<m of i i^ wad 
d«6&il(i of vootor »o3Latiqai^^ oaro tattlclae* 19uv Vipotiodi 
ttiiil &t So • aSiAHimt8liilB@ irixus trit^ &iion«iudo povUoXoo 
<^ idboi^  96 an ttiiaotHir* flio p«vttot«o OJTO o i l oC t ^ owo 
•leo ln<( MdlflMot oo two oonpccunto* 
Ds? «BSP2«^ t rtott.loa anafff ^isu^ ^Ssli ±8 tr^maitt^a W 
gvfdtim tmd t^ tamnl&tim of sop* ii^^tmt nottl^a awii^ 
e* t^ 30 r. 90 urn i^ ^^ iTtS^ lSsr plls^ Sfi©d prqpsi^tidEia* 
• 90 • 
Qt^m^ dmeisXIM. iGff wj^^imxtx mmmiiB vims $xx Ctrnptm B^ 
t»m u aisaa#M I»?2E& I^IX plant I frft^fim Bflj^ onilfitft sl^ ioirliig 
mo&dixi n^ptoE!^ stoning & th& AiiiiQsii Fort* caltu?© m$ 
of 0«l. M pbosptiiito iKiff^r pH 7«0 afiia Q«t M sodlM vuX|Mt«* 
Fiof « t ^ ii«Bi or plmt raitirlaX X cii or lmfr«r mdi 1 ml. 
or BvAtm •uipiiitA nwEt ti»«a» a&p mui Gi»t»im«i Ifr e^p^Qtiiic 
villi «lKi iKtvoet mim tiMi tmviiim^ie em mptio^im « t i ^ * 
m gmtlQ &tif&m ^ Mitiir litn^iat«lsr ftfttr Saoealiitiim* 
fiyy^ ff ffffiiWy* 3%i s p i ^ of «(mtSnt;u»a «(toi*t» do lloeai 
I ^ I m tiost of tli@ iristta eisixia !>e f@«md $m& X% ^m» nmm»m^ 
to tmk» kifmst$!9i^ mmw^ W ^et^msSnixm th© ai3«tim «cii 
point c^ 9lsiis«<»Qiitis£»liig disctvse^ m e tgr»t«@iQ hmtm 
&• af^ ffiffi.4^ im3f« liisa I^3ipp34» Ua^ plm%3 of tii@ sesae «8«» 
ioa haiglitt C3tf fitlmoot oQial ai«i>f gsronlag impair th& »mm 
didd tor SsoGulaUz^ @Q<sfo tseiple aa^ i th@ «^ >^ lsi@nt@ i^ort 
possible ^oro pct^omoS tbrliOe* m^afm^ ^ ^m^Q m^miu&aatst 
v f^ft l£io3xii3«a in t^o jip@3tiXts# lb ^m% mmm %m*foM dila* 
tso at Immt tm pli»tD« f€ti plmta ir«v« liirt ii»lDo«t22«t«a 
to 9mv& m control* flm mwSfsmf of pluatit l&f@et«a at « 
Mhitlm of 10**^  IAS user! as « oaapfii^tive Unaieatim of 
vixvui ooMf&tifdtioii Hi tb» vo^ous «Ktamot» olitnlaodi o^vSng 
tlitt ootivit e€ ffttotimatto* 
f y o l ^ , ! lyat&oflinm ugalsist birlnjiil wlM aOiaSo viviui HM 
FtmmAH ^tmplQto m^wtmt m& injiietoa iiiti«Biia«isliifay* 
H^o t*2}&Mt im9 M«a tm n^tca &f£#9p tlaio Seat l»j«cit^iai m& 
tssm Mtism iii%&mui& of to ^&» m t^^ mtmmmi gtsvo 
pvmmaQ of aos»»l i»lGiit mtlgm It tiaa fcmi^ a tmeeiisai^ to 
l^ JbQ^ fil. p%mii» £m 4 iis* omi tltmi etntrif^ta fi^ 3£ mHi 
«t 60CO JPpBitt SI& csifMOP m%1m&mai ima ^@a Soomtoa frm 
othiT tuetEi warn p^f^m^m m <l«oftril>«a la CM t^op 2 m 
tilth Isriaiali. o i M noeaio vistts (il!ir^;^ ©liOM«d aosaJto 
t9i»8Eiltt^ vith €itti# 1^ i^ asmiiX 9i|3 iuomiSxttim to 
•iiBtittr to 0!sehiffij» alori|» rHes vein»» -letie mtirt^ i&u»fae« 
Hpit faai^ft. i\i2 €Qqi«fJiix!@iital. Host f^ mga o^ a4inr mi£r istv^sti* 
i^El«d» tM &pmim of pteits dtstrilmtoa la m tmdUm 
tiam of tiM) iroeir to (let«»iii{3e Bmuaml ^mfflutlamf i f tor* 
SMti SnoouaLatisxit if«»o etgiOo fffO@ &%X lSi@ pljicito Inalssftliie 
1lliot« i0hUik <lld 00% olkov aogr vtoible agnsiptoBs to oliook i f 
Vitus OQUid bo MOCMTiv^ f3r» tbm md is w^ &S t^xm irovo 
0 ayg^tMBlm «oi»ior of ISIMI irixm* Hwmlto aro mneuiffiiod 
in ^ i a « 1ft and igraptont ofo^oS on ($mw»l i2p«oi«o ovo 
doioHbeA* 
• 94 *» 
W>««*ua« <»w>ci»ilMB»»«»T«»»«»MI»l%«l«>l««««>rl»IWI«*«^ IIOimniKiWIHHi «lli|«>rM.mMm«i> |iri.iil»ri>» 
f o t gasm ia .aKtsaaim l!ti£T 
11^ l l tfMNIi t*» 
l^gaa—'[(giUid ^ ^ f i j i | | ^ 
» 
., toUai 
• 96 • 
•miiiii mmmmmm0fmim»iimmtmmi>'mmm»i<imiimm>m»m 
Host -^^^pUxm ^k 
^MfemMi • tod* ^ 4« 
vm* mt&tiB 
•» $ 0 «» 
Host :^^toia» m»k 
•UK—WIWMIMII I I I )—!! • ! • ! i|l|ll|l Ml mull l « | i | » » — * — • • a — — 1 l i » O i n i r >'1>-'-fi-MMilrii»«tM«M»WIIM)tM)M<»IWWI»IIWI<Mll»^ 
» 







^»^li^,iiig -^|ii;*i^\a *>^ '^i^ » 
£l-,1tfBli?yiW. Rllffllrto t.'clmt^a 
i , l^p^|^^ J ^ , | ^ at^m . ^» 
^aaefflijjs gyg^ L» 
i a^¥^ l lP lBflirl?i1felii Q^^ c@a©« 
£t ,gig2 * 
/iif^f^ n^iftifijigaili -''0^^* 
Muid^ M^ i iMar f iM i i ^^}^* 
ttflWIPfliflii .0ifllfflr..li^fl ^* 
«M 
«» 



















«• 9@ «» 
mmm 
Hoot i^^mptsom ilaeti 
£• s;«M^i1a,-'Ota* «» 
• 99 • 
Want Q^p'tXWi& 
aniMimini IP mil m mimiiiiniii w n »i nmmmw * > i»'Wi«ii"i»i«i'"«miiii i»ii«n»iii» •nm miiiiwKiii i i i iWiiiaii i l i i i i i i I riii» • niiiimia 
D:. 
tf^;i,% }^p^. 'B2« 
iT&Talse#a«r 
iM t^igillJia S«SS£Q«^ ^ "^  
ilmm6Ti3@ic!':%i« 
fs^cyl3*^2i2i*iaQ«@ 
4i3iltl^i^ili^isa m i t t ^'* 
£si:ia^a mmFjilM& ?» 
GoiimaQ^® 
C |^m.f^ m|ti!^  fiimtaan t^ MJ^Q^^^ Wm»Qt$JS Iml&XB ^ 
9tti^« Oi i l i i^e &i£^t« 
v«r» El^«i^M»t*s i^ auBfiE* 
v»»« aiOrklBt* 
lisemml&h nmmt$& tmi&m ^ 
lmmm» Tb>& Imijmo Sae^pmmm 
# # i l w a # (Ki^  tin® Sitiifife itf9 
• 100 * 
Hoots 
..hi^^& uy^y^ 
iraF* BQf I 
iilMI«i If! WWII 
•yr^jtsosks 3aat£ 
iiirflMSIili 
y Ota Ac s%*vr!V,xiG &s>XQ^ 
ta tuy l^fci of veto Gicjoeliie 
of jh. lixmm* 
Xeof sljsia* FXmta »i:}ala 
foecwtay aftos? 4 yookM tmt 
vimm ©oulc to<y mxa^jcmM en 
la Ifco fosti 0f vela el«jaiiliig 
VM mm mm^um ijsmvm la 
ttso foeo of vo^ oXoaritig 
• 3 . 1 • 
mmmmmmimmmmttf»immMmmmmi ' III will 111 im Hill <.'iimm»immmmmm''m>n»iamom^uiitmi«, IIPIIIIIIJMBWIMIW»«»WWI*WW< 
iibst . ytsptOQS 
MMMiMHtWMi JUWUSGLM 
vat* Pum nOEff* 
ol3loi»eBSs» leaves sj»e 
i^ cidBOicI 111 s ise wad Um 
':i!o csxf^Mx of t ^ plants i s 
ISi t l lC fO':i3 Of OOaciiO 0C?ttlO# 
thaa sttsotli^ of p%MtQ vm 
Hio iMtf mmmim lmi9m la 
tlK» Ibsm c^ vela Q3Ui@fflDg 
vaip« Itoa duMir* 
* VM 




ing t&ll<mmd tier gx^m mm&$jii# 
111® g««Krlli o f t^$ p:ii^ta i s 
ijrsttiE^ic e ^ p t c m s ai^peiii^ cm ^ 
^ Q p l m t S a o Slot 8hCq# ftC^ t^ 
t i a g l a d«fttt! ^ m}«t of ^ e 
«f«fald l»6 9«G<Pf«r»i fffKKi tfa«a« 
pljeBQts fM duels ISMKRiliit^cni* 
6i?^i£iii 
WRi 
Ymm lL«ivo ffiMif Hae a f t o r 
SadcnlfttiQii tibov T o m «^  
pXwittf ulnntMiidi* 
I 
• 103 • 
mat 
Iwlilflliii 
^'ttt^i^i^.t ^y r^ i^% f i l i a * 
Y&mg mmtfsim tmvm Bhsm 
vela f^ilmim f oiXoir^ d i^ sr 
patetiift tt^p««ir» }*esv«m sboii 
flff^fltti liints vm&M stmtM» 
l^lBnti^l^ fflff^^^l^ li» •^  
L^ol^ipss^ i^.^i^|af3 .:t*l4ii» .^etii-iia fi^ ptcsgui uppiMir ^ 
ii« nyimaiggf F&r&tt 
M* | 4 ® ^ ^ < ^ £''««1S« 
4ii» fcyty^l^ J«oq* 
SQllAffi 
cm tbo zieu fiBWKPglzjg Ifiiitt^ jes 
wm oHMVsSiif lewiMi In tlsm S93BB 
of Vulj^ tllMMrlDg fOllOOVA ^ « 
arowtl^ii aooFOtie Xesioiai •* 
tfumur en tlie Sooonidls^ 
tm9m 3 diOTi «ft«r laocRiItt** 
ti«n» SiMiiir •9i>#afiO0« l« not 
gtnt Umm to Wi» Um ^ vtte 
( l l H r l T I f f e l l f l M l A fel' flMMII BOftalA* 
file i^ltfite W K I M •tHBiiiis 





I* ijatm9i£.'fl%m^ *olJr» 
j?lMiil.llggW vtas^^ 
«^« ummm ^^^ 
^ajQliXm 
vor* Ul^ eif .i@Kiiit3r# 
aa tito nm m^i^isg XWIVM 
IB tin) torn ^ vein elettJTiag 
^^oto^lo @^ £ipt{^ @ appear oo ^ 
tab© ii€ii «fi£giii£ lomm In 
til® fons ^ % mM ir@iii 
<ift»it@d In this 'w/^^* nm 
fiO»Ale« ttcnroe wwmM msmtX 
In ijUi«f bcMBWfi fwer tuieft In 
tMcttt9« fldS tlte sMffglJcui vmy (Fig* 33)* 
vor* 23g#i«t»ip«t C3iist<dr« %st«i:iio «^ naptci3a 9m^m • 
as vein eiotarmc tnUmmi 
W gvMQ ao««l0« t«9(V«0 
V«lll!l StUSlt0d# 




X@@V0L.> in the fos^ of ir@iti 
vas»# i€fin .)!-
irai'« 7®^ Oijsiau 
v«v* Fo«lM*» atift^U iitili^»« i*ii?@ro isrstoaid 
4* 
Mtf ffiNMiHEIi Of title oltiik% i s 
V«»# 
IAMM vain «iliMi»<«a f^iifnunS 
wMMt ViMI "Vl^ yAA iff ehStiSBf fift 
• 100 •• 
MMM MMlMtMnMMMwaififainwiWMMMMiM 
aMt iynptuifts 
MpMin iWfMHIHMMlMMNIMMH mmmm mmmmmmmm 
WW* Qiimt of WB^ma ^ 
ir^ ^nSn stunted* 
^aar* Scona .Mt« 
ii* .ti*inia.ytffij3 Cm* 
a* u 
tmmw tiiiusfa to t®rtut© 
<Fig:# 40) • 
veils yeliowiai! folXos^a ^ 
JidiMHdllft •!»« 
•BMaNMaMMMMMMMMHMHH MMMMi 
mfidbwu in t^ C d^Sy unlmmmm ml^» Out »f %M »pmtm 
tested ms^ 20 ir«a*@ fom^ to %& hi»%d of I9ie vism* ^cii« 
of tiio 8i>€ieioa wm& foima to tio iQr@ptaal.«89 eoxrim of 
tho viBifi« I'^ oat oi' tho v^trietioe tostea of i^ » afilagyftp^ ^ -
^ ^ 1« ,|yQ,op,ffl^ ^y4 niaro foima to lio lw&t» of tli© iri^ fjs 
tot 0 irarietios oat o r i 8 of i^ * |y,aaB,w«ifil» «iS ^ vaj?i#-
tioo out of 14 of ^» p l^-cfiygi^  pvmiM l&irt230@ptiDlo« 
Roaaticm o^ tho 'vism m thm® vmi^lm mm pfovd to !>o 
of (lisifpiofttie volno» Oat of S v«rlotiaa of ig^ pff^ ^^  fflg^^ 
tmt@a Uttt? ovokoa WQBX mmutxoi m 4 irmrlotloi* 1M 
vi^us (iid S30t li@oaie 9^&tmSi» in, m^ of iM^Q vai^otios» 
Imevm of £• j u n Is too f«ir im mo 3i:i i^@^ of tlie ^%mm* 
•8iio|set sf^ iMTOots 3issiwia %mid ^%triwsioim 
m9M$ wftavi funoJt *^s|9|4 l i«0t i& t^^ K)^  ^ * ^ ^ 




mwuf «i w$m mimi ^w0§* %$mt Am^mn » 
Htm •!!«««•§ •«m«ttiBpr'WiPWi *m *9m 
<NWi|^GIiili|il|V M^ 
^mmmmmmm^Hm nwmwmm NB m§ 
•fMf 
CONTROL 2 INOCULATED 
FIG. 35 
CONTROL 2 INOCULATED FIG.36 
FIG.37 
•inBK|<mai i f i t i i i i past mg^j00%9 Q | « A ana^  




- 1U38 • 
Qh&ptm V5 
p^d'-w.^m: m- vn. VXY^ U HI r^u::2 DAP 
Xt it; desismbl^ to 8tu(3y soso pru^ @rti@@ of a vifus 
to oraO© sap bts^me sos? vorfe oa I t s ^'sloo-clietdciiil a«tuj?@ 
iu tjii'j©«^b»» ^©s© Qt&stm eiv« an laeei Qibcait Vm stalii* 
t i i ^ Qjaa cme»tim1;io» of the virus to tli© sap* ^oigh of 
t^ tmtsplot^ iriilu^f ttm$& utaa%m ai?@ of $smmBB Im'i^ $n 
a^tomnMg ^30 pifoc&^mm tm tho inarifieatlm of the irixi^* 
'"iots to ^9t®r^toc thu t^rcal . lasotivatlag poiati to2.®?«©o 
to ail i i t im « a la^uvltg' Jn siHsi of is-inf «^(i*9> tlier^Off^t 
eoiauQte^* ta tlia nbsGiio© of s looai X«@ioii liostf Foiv^ 
b]«i&^ stX plaits vaif* V'usii >'G^ !^ i@ ^ixi^ wmi$ xm&^ as t«at plaats* 
Steaftl llia0llyilte> ^ ^ e tt»m testa posffoKioa 1 ^ virus 
mm s t i l l iiiTsGtiVQ after ^ i n g haot^dl for 10 min a t Q t«@p«* 
9«tuM Of 60% ^ t Imt iGfooUvitr at 65^a ifi^U 16)• 
t«Qp«ff«tit** ^ Uo* Of plants itafoettdT 





« AV9Mg« «f d i9Rp«Nbiiiit« tritli 10 i^liBtt la «iiiii« 
to he Inraetlw up to a ailatlcm of iO*^ tot; muo of ^ « 
1fl>£ttB 





. .• .--——__-.-----.—»--—^.—---.^_>_.---—-—---•^,.-- . . y. ^...j. ^, .p^ , . . . | .^^ | .„ - , | , . ^ . . . . . ^ ^ ^ . ^ . ^ ^ . ^ . j . ^ • | i i r i i - i inr-T-ni i i i i i i» I III II i iCMii iHi i i 
11^ «&• •torcS At to«i iMB^tnitaro (so^^o) «na i«at fsxffidi 
«o !i8v« ft i<»8«niQr ift i l l ift of 96 ^  ijut lost its inf«Q« 
* 11.0 • 
4I—III—<Ni>i«iii>.i<i rii rn mnmummnimmmMitmimmimimttt 







Btor^$, S t lC3®v ee^ ims t&mx t o li© laf©Qtiva (ai '^ui aft^sp a 
8tc»Eg© of 1E0 to btitf l43gt itetlfoirdivity aftOT stcapag# f o r 
«i»«iiiiMHim«>»—iMmiiiii.itiijuniinHni mill mimniiii Ilium aiMiiiiiMiiii iiiiiin imi i r i iwwwui i i iw i i iMn iM i iM i i im iB i i i i i i . i — — — O M I H mini H I i i m N W < m » 
nomm nmb^ of p lMits l a f « Q t a ^ 








••»ii«wwi*ai»««'»"W*»'''*W«W»«'w«i«»»*w»iii»*i^^ iriimnuMi mmmmmmu'wm i i i i ini——iwwwww 
Mtmt of PH CO the intmUviW of mmt ttfforts vmm laftOo 
to 4«t«mlEio ate m&$% tvmmnkt^ pft for emlntaeilolnis Infoo<» 
tifitgr of t ^ irlrui* I^IAt @0 alionMi 1 ^ irasolte of lnf«8ti« 
iritir moGsupfiQm^ 1 ona 8 hr aftiw tli« o^titttc^ait of f^ 
pll of t!i@ 4i^ :^ rtt$t8 ftt aXffOMiit XofiiXa* I t i s «rM«Qit tliiit 
pU ?«0 Ss 'tM um% eoit&^Xfi pH tm taeintajyriia© tlw Infoeti*-
vi% or t^ ® vii^tis* iiftor m inmitetim of 1 lir tbo tofoo** 
ti^t;^ $M tiot VQ&m^ at aXX smi mm % tmg 3Mmiim%im. of 
B h» ^om not iiffoct t&® *afiotivl% taarfcodly* 
>»i<tiii«w»i'ii''«iM«ii»ii'ii>iiw>iiiiiiiiiiiii»i>iw»«'lii»i(iLii'iiiiii'iat('jittiiiti» miiin. IIP w n w i i i i 
X tw 6 lix* 
<»«Miii>[ii*illliiil>iiiliilii»nilMiMlM»«i<»l««<pwMllll<lli»lw^^ «lli Hill ||i«M|lWr«<iii»<||w)i>IIWIIW|»llllllllW<l>IWr<WI»t»lrl»WWWWfcl^^ 
5iO m m 
7*0 xoo m 
8*0 dO IID 
• '^^ irorsfo of tinvoo t H a l t nitl i XO p]«at<i in oeoli 
*^ 3L3.S M> 
MggUY3Lty fig iIJW* ^ mmt^g mepmimmtt nm •ffoot 
of ^$£tm^i&z boffITS a t 7«rioQft pH Imn'iA m tiie Safeetitritr 
of tSm ifimm mm oomp«]p«a« iit»tiit» mm mmm»iM^ la ?ftbX« ui* 
0*1 '^  p!io8p!mt# li^iITi^ pll ?«0 iMis ^oimi to be 1 ^ cioftt suitobXe 
tnfce^Xvitsr m-^ oa^taSa©a in th i s lmrr«r« mis? ©light ^m^iM-" 
tlam wmf& tasm ^^ma pn 0*6 cud 0*0 ne^tut® m^ pit S»o IIM 
US h&mt^ tfi^Simu w&m taeS* Sh® r«3UXta eiir<} not v«t3r pmQiB^l^ 
&m t o tmotirail^bilit;^ of a liaeuX ii»»ia2 ho&t* 
^m*J OX* :^o ci*f ®st of aSitermt tm^t^m at vericsas pll 
l»l«lllii»Wll«il«W«li«IWIII»W>lii»l»llllli|«WWlWilW««l'M^llllli«IW<l>WIIM«<ilW <»»»il»iil|liillllillMaiiiH>lilMlllllin 
iwiOiWWiii ini inii i i i i n B o i i i i i i f c . i r j i i M i i i m w w ^ w w i l ' iiwiiii<iii*iM»i»wiiiw«*W'«»aiiiiiiini«iiii»iiiiiMiii»Mi»^ I I I W W K W W * * 
7*6 06 
0»1 SI borate 8«0 ^^ 
8*6 80 
• ! • 1 - i r i ' I iTii t f i 1—r~ m ' " i l l M I — I T T T "iitBfi'Ml "»!•> iKWii 111 "mil i« itlriii wfin ' 11 iiiiniiiiiir •ii"iiiii> 'niiiii rrTtw 11 
« Armmg9 of 3 ttimU vmiag W plants JU^  eoeh* 
f^i'%iQt ef imifi fltywjgth of BliOBTtfiiit« ?Miff^ aa* nH ?«0 nn Mm 
mmUfmi Q&. *IM» .^rorta w€ap© r^ io© tx) d®t@r)ino th© 
mmt stiitabl© i jaic otr«ogth of plioiiph®t© 'm3£t&f pL 7«0 for 
of jaolAJpi^ ' Qt p'-: 7«0 pljc^ pl»3t© iRatfcsTf It is mMmt Umt 
Doat few? nalatatolac the Uafootlvlly of ^ie ?^i«t!0« 





OJL M 10"^ 100 
lo**'-^  ao 
icr* 0 




' ith a viev fos* po&8il>X& us® :iii ptxrlfloetioo p?oe«Sus*o tli© 
orroet ur scrao os^ante Botvmt» aa tlje SafootlifitB' of fi*H? 
vai 3t»:uii<3a« I t la ovidoit frm Tiiil® ^ Umt out of thu 
^a»«o oi?8i3aio aolvoats tisetif two iris* }m%moX tmi <ihXwotosxA 
itci?buj toti^oiaorM© sitiootB tho laft^tivlt^ of the viros 
?^ i 11 *JS# Xf©et of aase organic ooivmt^ m tlic isifsetitPltsr 
of l»Jii3ai vAlz nosaic vlsnia 
!£'@ittMllti 
WiwuuKnumi mmm'»aamf^V'ntiimitirtitmia* 
<1»miB«B»iNg-uii»iii«in»ii)—I——I ni.miiniiiiiniin wwiiwiiiiiiiiii wiii»<iiii—ii>iiii«inininaii>ji«B#»*MMfcm 
•.xjaiasatoa 10*^ XO**^  10*^ 3.0"^  
MWno.' m •! I iiiii miiiwii wni 




lOAO® 9/10 6/10 2/m OAO 
lu/Jo ?/!io eAo 2/XQ oAo 
XOAO SAO 4/10 SA0 OAO 
7A0 SAO 1/10 oAO OAO 
OopQffcitoi? s aiiatMMr of pHaots l&foeteA 
a«Eio@lxiatQrt ntiabflr <^ plants loeeiUatad 
®taw®el f(S£» 30 I^n to a. l3^ snd ir®?© I^ IQQ aXlogesS dliT0r«it 
'Ck^.a of ®<3' isl'::l^ vl.sa iV^ ^^ tSiici ®iIloac4 iwrneo" l^a.? i" mSa to 
Tiyo of liJoetiletiGH foetilag ulXmmQt iw^ud fa^ csia fc aia to M fii?» 
Aftw ^)A tWKsismtiaii of taooalatioa feoiing apbl's v«© 
flTfV Moovdadt in aisgr of ^ « «s|»6rfeicfit!ss i^ c*Kos??i0ii wit^ i the 
J* !fTt1f*Mt «na g» rfTft^ ffif «rt mst iroQtozQ of 3mr* 
Tniili|-iltflHI*fft *fT ^*'^i*^ Quafp^ goflfia^ :^ }il»« tias ti8«A In 
fttlMEiptt «& tMMBit amr firan aiswisoa £• m*^ iffy>^ «f» piaati 
t& hMltiir mm* ta m»m «aqMrlm«itB p^vfosm^ a t dlff^roat 
tteM of mm fm» m ^mtmoMtmixM of SHiiv t^ docMor nas 
i}tio««MiftiX# Hcncj of tli@ pSjutta tlaonoS ciO^  s^ptooo sod 
iririis la tU? Ixait Ci*'4c» ^ ^ » 
tho j?oot S'^ soti c£ ttjo f iiocmutxl t3i?toJaZ plttiita mis ui:io:i nith 
traaapi^ifcesi la tli^if £io teaasuiaoii^i of J J:: oomjs'roa* to 
tSKJ othos? set of sr-!-}©s'i?mt0 t^s»o naatftcx QQ %M.QI: .e,C. memB 
%o flla©5jf«Kl pUalM for 2B ^ays wcsro oi€R?ai OBC t&m GHOH^ 
aoooe» to bonltler pXcmta HQ tFaodmisalcii oeatm?^ mm. o^ter 
8 ir«el»* am^ OofiB not sosn to IH» ti^ ^kSismittoS 1^ ii^&todi»» 
99A991 •^90%^ ^xm% @ 0% y&%z^^'$ i|t53t«^ 
FIG.4I 
«*• 3PL7 • 
ou. lea* '.*:l3 yau rmdo vita o vioy to tiC!toi*.-:!ao tin w2i-;0 
Qft©i? 'uu^U. : i f t l jkioQUlwtim wtsdci tl^c %tli\s cittaiuou t ^ 
hi; Ileat crriC'^ -;ti"QttLa(i 'JiiB oU^V tioiiM iii'.ieatio tli© 
?>jo o«i:a2tiiU'nt.iai oi* t;!iO virus iiioroiua-': voiy i."^ -- ixt^ is? ol'tc^ 
tjiid tilM tlts'i} of the vliruy ato^tea follSac TOtlit^r ^ at;i<''.l5r 
aft«p the atii (3% t 
20 a«ti«Bi&4> tSi^ - aSatrilmtiai oi' the virus M aifforcnt 
pQVti of tlj© brInjQl plsnt altoe oc>>cl"rii vioyl 3ao<mlatlcQ| aap 
ana ItiomilatdSil to t ^ t olnats* It i s cnriusat Cnso Tublo Da 
tt»% tho liighoet oaieflntsmtiai of t^ ac virua is Qtt&iaaS In 
tshtj iottve&r rooto ootifcula s MrJa^ .!? oaoeaQtr'oticn ssf vij?«» 
than stes* 
*» X3£ *> 
'Zmt'. M9 ^istsfibatlco of Isaflajal alia ooeaie vliiia la 
«ii«iii»iiiiiin»itiiriiii«i»w»ii«iiiiiiii«ii'i>iiii»ii»»i«ii»iiaiai»ii»ii»ii»^^ lUiMiHii w *.,iinnMiiimirtimiwiiiiiiii «imiiiiiiii<ixM»wi<iiiniii,iiii>ii,i» n i w i i i i 
20Qt 6 














i_ i I I I I I I 
8 12 16 20 
DAYS AFTER INOCULATION 
24 
FIG.42 
** %%-'^ * 
Ch6pt«r IB 
.\%tmpt3 %3mQ ucoo to obtQia i"5i»iGp£jrawi-mj of MW 
$n a St-.to Qi' y^vit^ witlcli uoulf; aial)3Lo Ct23?tfeef dmrnQtmei* 
satl'ja oi' tiJG ^rism* '^m tsda iiairjjoso salt ps?©c%it£AtlQs^  
i:«itim of tJti^c^ ^ t rnot ieatl diff^Qottoli oontriftigaticu of 
OKtFQ©!® elfji'ifioe ^ syaditic© of orgeala ooXvaitSf ©or© 
in mVUmptm to pii?ify a!l!7 ai»© otaOTorlooQ miQ tXm riaalSy 
pimti^^^t&t^Lia.i .\ttmpt mm mtio to imrliV 'dt%^ ustiac 
emmitsa eu2.p!i&t@« lhfoct«d tissua CX^O g} $>or: ^» nt^ flWffiniii 
0«8 daors •tt«r Inoeulatlon y®o liojogaiiaesa with C»l li pljos* 
«6«hj of ti««u»« SiQi was sqa^dioS tiafough tuo lig^os^ of 
eh«««i» «lotfo tmA «]4UPifiod tir a Ion spood emtriftigetim* 
Tims vat pv«8i|dt«%«l fraa the oIas»ifiod ^actraet W sMitim 
of ^) p«r ««eit iiwffitaBt tiaidMte !9s^  uoight* mlt mB added 
olxmljr to tlie «aettt«t villi •onttait stimfloc* 'Sim olj^ lsiiro 
f^ss isoi^t id «t fOflB %mp9am^fa»e for 6 lif. Aft4ir this 
period tlM pMeipitAto tma&A la the Dlr.tu^ v&s pellotod 
W oflQtriittfsiiie sit Gooo vp& tm lo Qiti* i^ i@ p@iX6t mm 
mmpma^ Sa i»l ft ptoephat© tmffer pJI 7»o a»a given tSare« 
dXff^pqatial <5yolQS of lou oo^ filgli epooS 0«ati*lfEigatiao» 
The y/artti&l vims ouspmslm »o obtalaea; was dllatefi to 
ds^ ljag i t to tiso o^^&aal imlimo m.a mQt^&^ tn WS&$&1 
plsmtQ aSt&s Dafeing ID fold ailuticms. Tabl© 85 show's tisat 
strcBg ml t 0olatiati usee! i@ a@lat^iuLiis to iinj virus* 
tiiffcrait stsf^ of purificfitian l3^  aaditiGH 
af 30 FOi* cmt 0!ir'<23iis8 iulplseto li' weight 
.dilution 
i S ^ Q t i m imaiiBtQd icr^ 10*'^  10 '^' xcr^  
Mliiiiiil»ifiniiiii,iiiii;iiiiiiiii»ii,ir iimimii M II»I«WHWI|I—n'lPiimamli' imiiinniwiiiii 
cUHTioa m^^smt loAos s/m Q/lo o/i-j Q/3U} 
i*«Bii@p<iii8iai ^ feoffor a/3yo oAo Q/ivi oAo oAo 
'iftiff 1 o^ei% of 
AiffcMraatiol emtil** 
fOgaUoi Q/m OAO OAO OAO OAO 
« n " oAo oAo uAo oAo «Vlo 
« III ' aAo O A J O A O OAO OAO 
•—»—nHiNi i i i III rwnii 
* m»i«»tov t auml>«r of p lan t s l^footodl* 
frop it* 
0«l f*. ptios- fmtcj. bii^o^ p'! ?•:• na&c 13 nl of hi^'tos tot eooii g 
of p'X&xt ^Sasao. .-gip '^ tis ooS-ioctoQ W mnQozHn^ thf^mg^ 
tu S»0 ib^  adsiltios of acetio oaM* I t f.tsa fc'iOPJbatua ®t »oca 
t03yonatas'o ^s» 30 ralaf t&ea oIiirlfl.©(S ^ ® low apoea omtpl* 
fogiiticsi* pif c3f: tills QtsmlftGl <af.ttm*t was i?©$ici3tistcs2 to 
?*0 fjy iit^ ii :• 'Sfeis ffiiasact ?*as civcn %l32?®o dlffo3?aitial cycles 
of loy sad YS0\ sp©^ ©m1»ifiig8tleo» Sio pos^ifiea vimm 
msipmuim. st3 otttalaoa ^ e aiaated to bring I t to th@ c^&ginal 
iroXtsao QEK^  tm»foM dtiSatiQas of tWLa suspcoaloQ \;ore a@a&(/Qd 
00, tminSaX p3mts« fiatilo 36 obous t ^ t tiiopo lo Qoam loss 
of irixtte d i i r ^ purifiostiGQ of ittm ^t mUi£ifiut%aa of the 
«Ktmet« SiMi pyviftoa prspcimtim loosos Infoettvit^ «t o 
diluticm ©r 10*^ i^oroaa tHu «fe?aet retttSns Infootltritsr at 
ttiis <liliiti<m* mm aft@t* l8t cir<3Xo of diff«raitial omtyS* 
fUgQtiett ocnoidQctGi^ c Imu or lufootivitr oeoaiii# 
• 1 ^ «» 
difforoit «tag<i0 of porifieatioii W 
•iwiiti.i-II -1,11.,I 1.1 II If II..: ••iT-n-if ir •- i "i - .- - • ' - ...i.,!.,,..,,. . M . 
KimiiiiwiKniirniiii nim iii i»iii»>,«['»iww»«iri'—i—i—..w i» iimiMi i*a—winownWilwuiK 
tajditoted IJ-^ 10*^ - l'D-3 
ie>jM«t«>«nin»«»«« jf»i6»>iiiwdwi<»j»»,M»«iw»t>». <i>-iii»iiK«iiiw»«r.i« •* riHmim»inmnK.='Omiiimmi'imtmi i«nwi |i»«lli».iiiii»wita 
C3Li.'rifial ortamct tO/uP^ 9/%XJ 4/m lAO 
After pVi tmilimMtim ?Ao 4A0 o/lo o/io 
Aft^ I 1^^^ op©«3a ?A0 Q/!I43 I/IO OAO 
4ft«r n im:n Qvm^ 4/10 eAo o/io oAo 
/!.f t«!P 212 *a:0l2 apeud 0/10 OAD DAD OAO 
^ ;i»€5»t<»p I nmbsr j ^ pleats isfcjctea* 
mto of t&tf) vims ma em^oeiifiQtJBg ooDrion t^® i@. «#lied 
va^aa fop puri^^atim Ir tisia Qtthoa* fMs QQttoS h&e bocm 
^opt«a t^ Dsor wortors as yi»lA^ ocnemtFaticat piirlt^ aoa 
infootivity 0f tSm view MecMrarad is good* Ait«m&t«» 
o^oid j^ Of loy m^ high opm& msm was isaaa for tli@ ptu?ifioa* 
ti<m of a^?» 
Safaotoa tiasao {X Q Q) tssm ^« jjjUJyfiTgtaH InoeuXatad 
6«s dae^ a aarlloff vaa hODogwlaoa in a ^^arlag bload i^r v i ^ 
0*1 M i^ ioai>b«t« boffar p8 7«C uatag S s i of Hoffav fay aaob g 
of tiaaoa* Tim hccogciiata naa aquoMod tisrcngh two Invars of 
eh#«»8« oloth to obtain sep %i»Mh was oXerifiorl 'a& emtSfS,» 
fugSiit fos- 10 n l^ii at 6000 jgps* 2!l© el®l^irlc!d m^aemt mm 
givai 4 cit@«a»t© €^0l<i0 of hlgls mJ ICfW ap^ KxJ ooritrifugstiixi* 
Aftfti* t!^ 4?fc0 ^'olGs of ci if i 'erait lft l ©wts^if^gatx^a t&w ^X lo t 
obtQiiioci va© fuioa to ba i:;r©*K4lo:i 5^>3. i?«a«auia'al tiuothcjT q^el© 
of ai£T«t®ittol e?mts*ir»iir^-^i^» 'M&tu if? ss^pw that 0tt? 
Qmi im iMsfHii^ l|r t£?i9 cQtliusl* '^i^m 3M feoo© ai»o of viams 
dtsHug ©mte»if^?Qtitii l3uts mm e f t ^ rc«£» qyeZc^ of lii^eapoj-
ti«X 0mti»il?i^t4cfi t&® psfcc^as'otiaii io lafactive aau roteitos 
SiifmittvXt^ xi'jto a aiX^itlaR or 10 ""* iMa is atit e vu^^ 
filfi'm^Bt 0taeoB or ym^iSloQtiiXi W a i f roemt io i 
emtr l f t igat im 
i rur l f ld^t ia i 
tSi2atl>ti 
11—11 w III m .11) *iw»iii«rii«niwii>iim iiiiiiiNWim m mim«m uminmoiwiii^iiiiiM^wn tnwiiWii 
mauut^ 10*^  icP" lo*^ 10** 
«<<i»w»«l>nt«««iwwww«ww»«w»i«iiMwiiiiW««i»r«^ i»iimn«if»mrn»iii«]Hii,ili,Mii«iiii 
Claipifitta «gt»aet KVIfl^ s / lo 0AO Q/lO OAD 
AftMP I <ferolo iM? 
aiff^vsQUdl osntipi* l>Ao 6A0 2/10 l/IO O/l0 
AftW II " « «/to 4/10 3/10 1/10 O/lO 
^tum in« « e/lo 3Ao oAo s/lo o/lo 
4rt«» n « " 6/10 SAO 1/10 0/10 0/10 
iiiiB4aNi%9if I nmbtip oat plMitt infodtttd* 
;)«Ki(»lBMitoi*t msKtm of plsEito l&«QQla%«t* 
• i0i * 
^esSSIgf t nmm&l at amtmmmts ^m bG mM,miM W 
tvmmsm dsEtisots* Fiont pmUm^ oi^ eoegoJutoa t{r 
ttmMSm imA 90 em^ ^mts^ got TM oit* Th& onl^ 
tfiawiog* For t^ito pu i^^ soo Infoctoa paimt tS^e\m iXQO g) 
t i m or 2. g « u nl la © warlacj Isaeiae^* t^ mn Qoiioot^ 
flea % aenfe^ HXiglng ro« io ot i ut G9X0 s.\.a» ^lo olarifioa 
©sttpaot worn mgt mm»-iight &t •0CA;» It xthQ Umi ttav^ mA 
a«a%Pifug«ttcii* l!lio ^irifiod vimm QUBDumlm t««i oca® t© 
^ ISjfi m 
&%jtfmm% stagM of puvifiofiUdti W 
fwmtim (»^ thoirJag of oKtvaQts 
•MMMWIIMMiaMaMMIMIIMMIIMW 
• V @ @ @ &»• | i i » i iiLioiimii iMairiWiWiiiriiiiiiii'ni i u mn* m .matmmti'mmmimmmimmimmii'mmmmmimiiim 
puffiflestiai .1 .o -^j ^^ 
Mi>«tlMWWM«gllllW>Pt«»«»WIIIWIII»ilWI»<mil|ll««lllllll«li»ll''l^^ lH"»<iMI»ll»«'«ii>l»|i"«HM«««n 
risrif'ica :^tm@t U A ^ VJ/lO 7/10 3A0 'J/lo 
fro©»iBG at *so^ 4/10 2/m uAc aAO CiAo 
*wft0P t ^cl© of Meii ^ ^ ^ ^ ^ 
^pmd 2Ao uAo OAo uAo oAo 
;€tos? I I " « OAO ;»A0 OAO oAo oAo 
'ftorxix*- »^ OAo 'JAO oAa OAO OAQ 
® iJtritawtiar s IKCIIK^ of ptmta Iafa3tca» 
laam aoigii^ fef i^ t^ attQE^tQ t30 piarli^ ill!? cl:103?ofb«©i 
Ciartwtt t»tg«ibaeri(lot Ihfi^ot^ timm (100 g) frsxa 
il« milfliiilllir p^mt» $aomUUi& 0»B 4% a mrll^ ime hooce@* 
aimd iil«i o a » piiMpliate buffw pU 7.0 m^ Q^stm tetm* 
ehliMpM® In iiiiiwtieii ttClgiiimlilfallnii VArlag 
Uaad«r# flm mmUim mm Ico&ai ly emtrifttgSng twWmia 
fit 6000 ipi* ttm •oatoiit plitso vae takm oeu omtvifugiBd 
fot 10 Bla at 0000 «pB* Slift •Y;^ «iBatant mm tlMc glvoei tbtfm 
alt4ain«te «^2«8 of lil|^ mft 2oi» spoed oaitrSfngtttlon* ni« 
pellat obtained vitwe tbio tMJNi high @pooa eoitrlftagsttion 
IMS bfomtsh in ool^ oor m& £»a no tm^m of g^oen imtt«r» 
Tim v$3fm p^N^pas t^im ol»talr^ cia al'to^ tbspm issfotm of l:»lg!2 
mcl loir Bpmd emts?ii^Btlm ma h&GmQt^*Q& stftoup OiSiitliig 
I t to WUu; i t t^ Mm (M%gMm% vo^mm* M>lo 'J9 Bham i^% 
oai»b';43 tatnsoSiloslG© troatoaat affoots tlio Safootivlts? 
a^mi3025r CK^  ^if^t^^itF te Soit to a &^Qat csedBoit Ijg?' tills 
;Miaat®a io-^ - j ^ * ' ^ icr^ icr^ 
i K W W i i W H I w m i i i III II »»«—»wmt«a»B»eiiii«wir.ii|in»pi>wwn 
«i324»pia« ?Acp 4Ao 2/10 CAO Ao 
4ft^Nf I Qgrel© pf ^klff 1^ 
VOiUsl. ««lMjra9ittQll 4A0 2/iS) 0/XQ O/lO U/IO 
Attm tt » « aAo oAo om 0/m o/m 
Aft«? I l l •» «• 0/10 0/iO 0/iO O/IO OAO 
immmmmmmmmmmimmmmmm niim iiiiMiii»«ww«iwii>iiiwiw«w>»»iwp<w>i*ii»wM^^ nii ,mtim tmmmmmmmmmmmmmm 
laooulatefS 6«8 <l«G^g ««vUw va« ixxsofci^ lao^ t^th 0«1 H pb08<» 
1^10 buff«9P pu 7«0 Odd dhliOf^om I& proportloii of 1 g t 2 oi i 
^ ^mtwiim^tim for 10 @la «t 6C0O sm* ^o Q<itt«ims s^»i« 
%^ae taiesa tip md emtrifasea for IB eiia «t 6000 i*p3« %h» 
md im speed ecGtrifugeticD* !i%e p#li«t c^ iil^ Snoa af t^ the 
frci&i may g'sma trntrnMlm "Sfm "vtxm |^ v«£»&ratlcii ofitaSnM 
fiftor tlss^ @6 curies {^ dtff^r^titiel. ocfitrif^mtim vas oloiiri 
I^fr i^^ mt stage® c^ piupifiofttl^ fi tsslng 
wwiiinini iniiiiiii awiiimiM iiiiimiiiiini«iii>m i »iii«i)i»M»»fmniiniiiiimwanimhioiiMiiiiii mtumoii'imimiimimiim i>ii»iiiiiiiiiiniiiiwi»iiniiu»im>i mw> mmmmm 
ntarfi at . .-
* ^ >»*»*J"[» « " « «MI|iil«i)ll>iiiWll««ill«W»»ll>M«l»<llllll<«W.iw#ttWW>'<^ «'''«im 
I»ai3«tea 1-'* I.0*" 10*^ VT^ 
• m i l l I owi i iwiwi i i i tm* mmn <w[>i>iHM«rMiiiii,«mm. »M»IHII aumiiit HIIIIWIIIIKIIIOMMIIIWIIIIII.IMWII-HWIUMH.V'I*** <wi»,i»ini><»wini»Kiiiiiiiiii«.iWii«mi»<iWWW 
«eaa»iJft««ticii 10/5ir 7/10 6/1) OAO OAO 
l^nticn 8/3.0 6/10 6/lD S/10 0/lQ 
knm II •• •» ?/l0 6A0 4Ao lAO oAo 
i\n«» III " • 6/10 6/uo 3/10 xtm o/m 
JltMtl' lAfMttA titiWi (100 f) fvoEi |^ « f>^ *i|f^ <>*«i* SnoooUl^ a 
6<« 4Kr* «MPU«V «•• ftaaogariltft lAVk 0«1 It 9bosphftt« loffat 
l^H 7«0 la pM p^emon «f 1 i I 8 nl In A wupim htmOim* @i^  
IM • 
Qt ohiOdse oioti2« ^ » mn^ m» ^m. sSasMm. t i i ^ Wlf tli« 
fhipw la^er@ g^gpo ttm&^^ ^@ upror iso^t of Imt^ riol^ y tlie 
aid d@ of ^Imxn deDtSs cgit« tl»3 XOMI^ um% of Uiff@r# fli^ 
So'j«3a? no0t «ua0 I^E t^ai roaoirGa 1357 apealag tlici uWp eoe^ 
mn. <jlc:?lfi0l Ig^  emtrifugiog fsor 10 aia at OOOC) s^ f3« !*Me 
caaj^iflod ©u"trji0i inis tliue t^vm isnxgm Gltea!k».t« eyel««i of 
Jdeb omS tow s j^osa e€ii1»li!t^ C''fciQn» ^ o f ollot c^tal '^Ofi 
Snfootivitsr Old pKJVlfi©s a goal nctSic^ fssff piififsrJtog .It!?* 
aiff«r«ftt stogos 0f pm'ifiSBttcti ^ 11s lug 
^ t^«g« of 
{MUdflAStillk 
• m m W M — K I | |nilWiHi«lii<lli l | l WilW^IWllwWIlilij |)iO|W|Wlll<»IW»iipiWW>>Mi«»IW»l>^^ 
<w»«««i»i»««»i»»»<«i»<w«»»*w»«w>iwMiiiii[)>iM>iiiii>ti jiiimiMi mmfmimmmimmmt'mmimimimumm 
t3kaaiiat«« ICT^ lif^ 10*® 10** 
4ft«» 1xit«riol ^ A 
t»««tBMnt loAcr e/io e/io sAo OA0 
Aft^r X oyelQ of 
difforcntifil emtrl^ 
f^fitiflA sAo 7Ao &A0 '^/ID 0/10 
Aft«r n '^  " a/40 «/|jo 4A0 1/10 0/40 
is l^tor m « *» 7/lJO 6/!MI 4/4J0 S / I O 0/40 
PBS > gi^l. Botii0d[t Jhr«etort Imi U@sm CXCK) g) fro® 
two iL'^mm oi' chgyfia eiotlj eati otepifioQ 1^ * ocatrlfcgSjag 
fO^ 10 }la afj 0300 summ "^ Ite oUci^lfiisa eatetot na© iUirM©a 
toto D Of uai parfeo* fo a l i tH© tto«# pi^ stOf mctigii HaGI 
uao eaa©a to HJik© tijo ©oaocRtrstico ^ul rit '^oi|r©tt|r2Uiio 
gl;7803. OfOOO ii-X'j uas Q.6/0^ to t l ^ t33j?0<i^  pa!?te tq teSn® 
tlio omGsmtjrstlca to 4 per e m t | C por eeat ?»<2 B p©i? ocat 
0000 i?iffi» i-c}i.ii2t3 00 obtQl»9a v(mQ 3:mmpw^&^ Sn 0«l if 
p&08piMt® tuaffoe pil 7*0, Qia?ifi€d leer eeatafSfuglag foy m nSa 
a t 6D00 i^ pc3« ^bs supomatmt t i ^ ^mtvUtoecid fo!^  2 hr a t 
40,000 vpm^ T!bQ p#iiot eilitQl£i#s wm ttmw mi& tamSm £W 
tam&m «f gjp@» liitst^rial* SSsci p&llist true (3i.sdo3.v$d la 0*1 M 
pt^«ptiAt« }»xttm pit 7«0 mc3 Q«»t3PifQg@a tmf W sain «t 
6000 rm* ^@ Vitus i>r«par^ticfi so ottMiBM ma tup^tjttmmt 
sad omapwrnblm la oliiril^ v i ^ pri^pfir: tioas lalitfilnQa oft«v 
3 ^ol« i 9€ AiSi^aemxt^Al ^mtvlftmotixm t^mi other m#ttio(l« 
of pmiiUn^lm ww® «c^lqre(l« PrQpii3?iitica« vmf^ hixmam^^A 
Qftor Bfiidag i t to ^im orlcloal vol3»«« mbio 38 ehowo t ^ t 
6 pw •«!% ^ai 9voolpit«t«t sao9P6 iriffus tiroe amspflnolcn la 
o a H 9MB3L tbm 4 Mtt 8 p«v e«Bit vm M lil«h««t laf«ietMtr 
ima §mmA la tbooo pv«|^roti<si# 
• 130 * 
TABIC 38 , mtmtivity of iMFlAjftl « i l ^ mwU irlvm vihm 
4 | @ mft 8 per t « i t pt>t9mwlm9 flareoX iPim 
-mm 'm«A tor pmiti»9Mm. 
i^uitotM XO*** id*^ K>*^  10-* 
CI rif:k'u e/ts^ct iOAc^ OAD €AU SAO o/lo 
wltli 4 p<»^  timt • ki G/XO 4/lt'J 13AO *.A0 OAO 
papcperetic® 4A0 'JAO OAO O A A^vi 
vitu 6 pm omt njo cAo ^ 0 4Ao JJAO OAO 
pmp&mtim 8Ao iA© 4A0 '^^ lAo oAO 
» 4 ^ 8 p«ff 0mt p'O eAo SAO l A o OAO oAo 
pwimt^ttm 9A0 oAO OA0 OAo GAO 
a«i«nSiitiimpt mmhm' of p i m ^ laoe\ilati^« 
mm§ H M dl f f« i« i t tttftsbo^fi m@a for ptarifioat^lm of 
ficoticsi of m$ fKtwMtt imtmum tiii» « t^r&8ti? offunigiifc «BA 
use of CC% MiaXtoa Sa yv^vwraitltms n^loh vopo not Snfoetiooa 
iWOm mU mttmmMM MitPifiicetiiQii voiailtod Sa pt«i»oiMiUisi 
£mt ^clm «f atrfcawBtlaX ««fttjrifttgatiatt «»« waa %im 
HfiCl ta^t^oa is tins Esost pTOCii»SiiE ftS tSl© pK»S@iav^  taK«s a^as 
tlE9 as coRpissfaS ts© other a^tliods imdi pyeparatlciig ©re nc»« 
purU'ieatloQ 
t^ 
i?ttdiiut®a icT -^ 10' 
1* Fteeipltotim using 
•sffiOKiuie sulphate 0 
$• sdlff^ViiitlaX e«i^iftiget&cci 6 
4* fw^mlm ^ «aetftttt 0 
ft« Cltt»ifl«»«tiCll ^r 0C14 0 
?• cljariflMtlQii Ir ikvbii^ iiioS. 7 
















jpys^ -^ oCX ncitljoil provides a siopla diiilhod for the 
im 1 ^ pttptrieatim of n i l? is oat2Ja»2 Sxk m$» «a* 
zaml a«i8it^ gifaaiisat ei»tip3^«t3gatioa» 'mo Uat tpacos of 
msml plmt p^otom ana o^mf eoitanlaatlng !sat«3»iftl wai 
.  8ecpl0 of S . '1 of p©fftl©i3£? pu:elti<.^  iris'^ ©uspaislfa was 
f3x«itcxi m a p#^for^©i 3tla«3P oticx'oa© usrtsiiodt oolttim 
tm ail'f a?®it! auuetb^ of t;i'-.iu» s^.*6ia srj?Qa 3 to € lii» ats 
toad CF%« 4^) i^ im tJiCj tafees tirwr© aca liitsa ^ Q diiis»k- s*ocii3 
l»y ps?o3oQtlng Q im^m bmm of light dam, tkm ttibm $mM tho 
^ ii@f^  v«r@ ti^smm ^ fwD^ plmts. of 4* gf^fMlllli •^^ 
tgarlaf iMoA Mim SxmmMte^ %o pXmtn e2ii* t^ls? CUP af%«r 
iNBoval itf 8fi»ro»e# flm itght 8oatt«rl»g buna appofif^ A 
wttpmSa^lh'i^ ^Oim tmtmi&l c<moved trora t ^ Hgliffe sonttotliic 
SfiiMt wi« aix«a v i ^ plios^t^ bostevf rwi at 40«000 »pei for 
s to iB m wgl«»liMA iotoff ^ ]^Uot tabo v&vtis pia'tlc2«« 
ppmunt •otf ««iii«p«Ddoa m s oX of s^ioss^to tiuff«p snd fXmtoA 
cn top 0t ISnmaf suorofio eoluenty i^ia e«i:tt*ifiig^ Dojr ^ l3:p 
C3 mtiSmt 0^ di^ to l>C33t oaapoaeatSf 9^mX ma&Mt of 
m/l grcMi xm^m nm sane ooiaifsims mm imhSmt&l to tfeo 
puapifiea procodii:^ a^or3lJ«iQ ©tuMteift Bio p^llat oljtsiia^a 
aftca? t£i@ tMjpa ©^cl« of M0i npm& omtrtllagatl'^a weg 
sit^ iu-iiUod M 2 n% tjaffori olarfXl^a ©JiO floated m to sjmjpos© 
grudtyrit QOlxi-JUim m ttiQ ttd;e^ t«2lj# oaSy 2 a^l. of 0.2 i? 
fiig«a at 2€,0C» 3?|is In iiU C»»l KJtor for at- lir» itio beua 
iftitieii free l£ifeet@3 plsats mm ftomte^ mC. nauo cooM ^ 
da«a In tti^ ttibos uliicli ©itlisr ocotslaod © pF%jpa Mtiaa IVoa 
li«ftltii|^  ti»d%ift or oa vhiQli aa3^ ptsssplmtt buffos wm flO)st®a« 
Uifaotivitsr a6@ii:r 9f aar.pl<i3 ivtm th& l i ^ t seattiiflig tim& 
OQttrlAi l^wi tiM Uflit »e«ktt«apli:)@ iMCia %is^  tiSgltl^ Snfootioos 
vh«piM no lofootivily «0uM l>6 aetoeted la tHo iaiit«rifiX 
rmammA twm HbcuiNi atid tmlom the vJUroa »ORO« 
FIG. 43. FLOW DIAGRAM FOR BRINJAL MILD MOSAIC VIRUS PURIFICATION 
HOMOGENIZE INFECTED S.MEUONGENA TISSUE + Oi 
M PHOSPHATE pH 70 BUFFER + CHLOROFORM IN A 
RATIO OF IG'ZMLMML IN WARING BLENDER FOR 2MIN 
CENTRIFUGE AT 6000 RPM FOR 10 MIN. 
I I 
AQUEOUS PHASE INTER PHASE & 
I BOTTOM PHASE 
MEASURE & ADO ENOUGH SODIUM CLORIDE TO MAKE | 
SOLN. Q2M,ADD 6G PEG(MOLWI^XX)) PERIOOML EXTRACT DISCARD 
STIR FOR 2 HR. ON MAGNETIC STIRRER 
CENTRIFUG£ AT 6pOO RPM FOR 10 MIN. 
PELLET SUPERNATANT 
I I 
DISSOLVE IN 0.2M PHOSPHATE pH 70 BUFFER DISCARD 
CENTRIFUGE AT 6.000 RPM FOR 10 MIN. 
SUPERNATANT PELLET 
I I 




DISSOIVE IN 0.2M PHOSPHATE pH 70 BUFFER DISCARD 
CENTRIFUGE AT CpOO RPM FOR 10 MIN. 
, ' , 
SUPERNATANT PELLET 
I I 
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a i . Mi -rf-'iu: CF 'VT::'i .*. la i©: i-'^ 'i^ ^ '?*TI?IT 
oul^iait4.tiQa coM'fieiiKit fm* the pmk usic ectlijEiXeit^  to 
b© 1® ''* tnt um0ml mm& mm^Q U^mt^f h-m Imrarial^^' a 
p«fe oat; the- slias»iti®ss t>f tfee poolc %a 3?»liciitlve of the 
taao. «iK3i% oi' tim rjr^a»ticm« tlo aggjpigQticii ^mm t© 
tetticn }?36uJ.ti i s ^ ag£H&i9P€iit yltli tt^t obtaarie4 l|r adaelt^ ^ 
baoid 1A8 6o@£i* It siioys ttiot :M^ V imss aatst cci@ emtriftigsiX 
tlXtr«rariol»t iil»0P|>tim #p@QtiiiP 
GH3dol £0 aootasMfi op«o1»ophotaB««ir« tftttwtel foceJag tlw 
l i ^ t MmttorSng mm uttw d«iti.% gi«ai«iit eautriftjgftUoa 
nM rififlvoa villi t2ke tMOp oC & «rrlii«o li«vl»g « nmS%» %«t% 
tmim et ySijL-t onglesf dilntod with baffef mai %lm ^ims 
ttm 10 fsici at @|^AA> irpn!* 'I$i@ yt^insmtoixi} sftor propor 
diiuticci i«i8 tsauS to detOTDiae tho llV »v<3etiu^ oS mvc^m isa 
i3Dt^  taio mum ttii vims gav« spjjctra %T-2caX of imcSocj-
p^ ot©&u5 yitii a na:-"ii-CTJ ©t IBS nn tmd & limSpoi a t 240 tm 
tta.1 uaim^ i''M%i%a£ light uoattwliig toia© to d^ialts? gsfQaimt 
mmv iii%%^ i'tticvaX of amjs'OGu y©i,»Q Q:.a'!laea Sii thy ©leotroa 
vivmtM the ii^ c^a^oe of ftemmm fkUjmWitmM pt^ttoi^m* 
iH© partifilQi vgtQ C^ O mi to TOO no ioag md o» 1"^  raa uia© 
(Plu» 47) • rio othoy 5l©t®ila o£ tij© pcis'tiolej oc3t,iM tw 
ati»e«ni©a froD tli© ©leoti?m oieyosaop©* Fj^ i^psupstioEio »&m$n^ 
Btmhlrn mty Smt m umoft %Sa0% stoaagc^ of pF^mi^tioos in 
v^tf^lforvtere tor more t^m 8 veolc iposalta M aiBtatogimtlm 
of pfiJptiol4»« stoFfiigo In dottf) f^oe«# locker dialatogffitw 
ttio parttAlQB soGQep thaa atsonge a t about lO^c* 48 a 
snfftelcnt mmbm of pAjrticiee oquM cust bo sMQsured tio 
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l»if<#p;nltatia las fomua iMm tli'g aatisegoo woa rnfasi with 
imrtfi®a vix'm pu'eparfatio-w jto uMAe tm^o* The aioso-* 
procii'.itiii toat titm of ^ « laitlscmsa wus liB^^a* 
( l^itis^eiui aCt©i* Qb®oi?|>tii« yltl*; li«»lt3v pltati sap 
o«ia« aS" tesj lii'tjcteci bjplujal ".duuts l^ i asas*-f.fal double 
difi'uslcii tmt&^ *tiai |)ur4fl©£l ^isuB psfontjva&i ii, aar- f J?a^ i 
In^^tfMl l3iriii46X pXmts aaid ^ fs*oni ItcmXI^  brln^aX pXmtas 
HAS set up in umlU ttrouod « emtsmX v«i3. ecmtaUaiiig l^U'^ v 
fotmsA \M^mm IStm mU»9mm v^ Ul sm ttm 11OIX0 eoatalalag 
pagit%9A wimm mA M^ f»aB $iBit99lmA pUmta* use line of 
pvMipitate mm fovR«S eUUIiitgr betir«M the •«i^rtta W9IX1 and 
ttw «9il« oontftSming purified vlfuv anA Mp trm SnfMteA 
pi«nt»# ibMi* iStam %mtm tm»A wltli « A ^ o^^me timm 
IfuHeetlng eii^i@t!« iiid«&U% of tli« eoBspondtite (flf • 4B>* 
Fig* m aham the ffosult of a tost JUi ylileh im^ 
mtiQtmm \gm tmtod againot o»folid dixutlcn of vlros* k 
4* 3tl3mr '** 
^ l i 0 4 of tlw fiEitl««i* 
a^V entltiffas vas t<»ted Qg«l2itit puririfia vixvui 
pril>artttloos of QaSHM ^^^^ vtmn md spinoeti ^osttlie vimst 
l3Ut no l i . ^ of i>ff«»oii<itEita mm fovta^d Ui ikm tmtM^ Ttsm 
tiotuMiQ 'MW s&l jiUfeOTr m& iplosteh oosia£« v£iru$!9@» 
ct^ tl^ CM?!! of toltaooo @toh| ilBHuQi eio^alo ana splnseE m>m%6 
viru«*i0# AAI t ^ throe irsposoe fe*aVQ fl«Kiiou® ritesmtiDiis 
pogticiiie. lo llaag of jjJ?^«}ipitat© ovoff S'osfaod 3n tlii^ao 
testa, iadioatlEg tliut :J€?^ Is uot sorologifiaiasf syalatoQ to 
mw(^s^ siJSTA laft^mm %ii%m tef«$««i ^o fsmi^tsji:* 
•«iiitt^ t^r^^ v^^i^ 
ti«A t iap»« « ^ *wn%m9aBMA mm v«%nJ^ 
FIG.48 
FIG.49 
aiateatiy foim ;^ to by iisfeetlaiia* Xt guvo u ©Hoetnw 
C '^ic* 5 :i i;li^ ari al>eu2':;it,Lii cffl^ lanio at t:^ mi Oiiti uiaiuiri 
tiMt'oos tiio eait»jx» nor© Jafeotiv©! otiijc«ttoc tiM% Wm 
miolelu i«3ia» It l3 «3Vld«it fsco ?abl0 34 lajat t!"4i uiKsiuio 
s«ia py^ sMBfstioa ailutM tmi tfcjo® gcivy alJcmt t^ .4# sew© p©»-
eoitQg® &t inSmtivlt^ m the purmi: viima ©oXutlon iiiliit«;ia 
a thouMOr! tsmm* I t mag^wta that «i» jUiraotivity of 
i»aoX@i« «eia tas about 3. p ^ omt tb&t of l a t ^ t vifos om* 
talimig on eqiuii aoGRmt of snol«iQ mid* H^a dotlsat® of 
telattve iMmstiirlt^ ia ii^vmlav &B ma emprnptaaa. vm mdo 
m tli& befiiQ of ailutioQ i»d tile ootoaX yt&M of !tl/; nas aot 
taiMi into Q00ount« One to the •becnoo of onsr loeaJl lesim 
tost liif dotivlty tmA to Iw m»w^ en i^etooiQ hsmt i^ JUsh 
has also ecutsrlbutDd to l^« tDprwiscoD of t ^ rotults* 
mosaic vifus sn^ i i ts nuolc^Q aeM 
wwnm III i»i 'miiHiii I r — i »iiiiiiiiiir"tii«iii > n,.f ...^•.p-»-jti»..».ii^^—»».n i „ M « » M » M . M I I I — » » « « i i i i M 
'•ftntloa ""^ ^^  *^^^ pleat© taffjetsd*^  
_ , T ., j,iiiiiiiii«iiiipi<wi tiimmmiimiiimmm*m 
Tmilo-
lllill»l.i.lu HI >ii >Wl . '» i1 l> i ' l»H». liaillllMBIIWIIIIWWMlllMllWIilllllllM^IWWaMIMIWNtlBlpltlllW 
icr^ 40 so 
icH 0 0 
««»iliWM«>H«IO—mM»i—»• 
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Ij^lajal jpoaiis*s*0..l s?©ar aftcs* *7t«s? Sii '^ISi'ftvli^  «^o vljnas 
raateioto; host rar-cc* I t £al'tx:;tui 00 tybolotif Ciil 2*i l^ .t* 
fsniij? olaaDCoau aa<' t-ifi not iiif4jet J? othci* nvoejjm 
virus ooul'.: ho roimd# 
Htf? ie Inaotivat®^ 1%^  heating: at 0B%» Far)^ X)i?®d 
atjQinfeetiv© uheia ailtstafi 1 0 ^ sad wlsoi stcai'al a t rooa 
ta@l>«v&tii9« fMf 1 ^ tur* I t ftttaloe lilg^ i^<»3t eoioei^tamtion 
In brliijGl pl«»t8 @ dnQTs «tt«r noixii&I smp moctiletiQA* 
t&X9m p¥€f9M% ttm hmt tmmm ttat tmtmm^ of ttn^ vlmm 
taltmi^d tsr roots* aveorevy tvtm thi,- stcsis la v@ie«{r fOQ»* 
Ttm e^st sui««bl« pf! for tmlatitoilng tSb^ Infeotivitr nas 
fomd to ^ 7*0 and out ^ swrtvol. lyoffus^ s tried at 
iiiff@?«Bt pu ImoU phospl^to buffer pll 7*0 pro r^i^ iifi 1 ^ 
soat sultal>X@ mvisfmmmt for tmlntaJBliig the iiOSmi^ivit^ • 
fb& moot suitable looio •tSNRgtl: af piiosp ate imff^ pl< ?• 
to 3alatt>la .¥m Infoetlvit^ uss foimd to t^ o •! -*• 'Uoig 
Bworai os'gasaic solv^^ts vam for oXayii-ieatlcil or m@ 
GffQctlvu vl\mim m^haa t^tmQhlioi:!hi9 was fo<i¥l t^ ^ 
y ^ * ^MM mmmilf ,>,smiumimi ^^smaxmm^ m/s^JMsm ms&i&m* 
l*max..jCQ C'l^ Q^i^ ^^ p^ fflg jii^ f'^ fii) cilaQ fallen! to ti»ims;i.lt tli© 
of atw ehto'oi'oKs cjDulaifioaticai elai?lfl«atim uitto 
jaoat s.iii»b'ie aotSioci i s UMiouatG^ ::^ - tha last i2^«dp wlj««pe 
prunjlyiufetuiua oi' it".: V Tj^ cr:! a iiiasptkiuioa in 0#X I-: sui^ iisa 
6hloffi€i@ yl"^ 6 p<af eoit ' « i^ cu uaodi to cisriiy isjri e<meai-
tlssQ OQiisiailiig i^ equis'iiig cmi;^  OQQ o&^ ole of dilTtir@atlal 
efBtrifugaticm* The pu£*lfiodr prepai^utiais obtaln@(l with 
trils iB9tltod ftffo bett«p In el&i^ iV 1:^!^ f^i£i tl^ose obta^od uith 
ottMHm b«8l<a«s boiiuf eievo iof @otiV9» 
.*> X4JI •* 
asNV g«re UV sp^tttiEs ^pXQul of ansjluoprotGizi. I t 
ims <m& afiatrifugttX ompcmcfit fomSiig m single Sight sont* 
lluololo mla v\s i»elAt^ vtt^ the p^ :^ srioXra®tea?Ecmt aol^c^ 
i?!iicli im0 fqrot^ i t«^  lio or tlie Hboso %r^ sna HQG Infaetiou-y • 
im 'X\ t ^ c aid as 113 wide* -nfiMciuat mtaacr of i>arUel<^ 
eo 1-' not b*^  maocia^ dd io i'Sis^ l oirt: the nodal ia%tli» 
tiltSi «i '.j.l©itj|5a?«jl. i t t o tost tttr© o^ 1^ B4 imo oMalaoi uai 
positive ifosnlte t^ ca^ o ol^ tarjiO--! 2s aeajp-Cfel doaI)1.4i diflijSidQ 
t«8ts • II© aorolooicalr roIr^tionsMp yoii foiiriC botoea: I'PV 
8tt4 «|!t|iiaoh QQeaiCf tebaeco etcjh and jSattjjga acsaiQ 'grltT^es, 
a l l hsviair filmciitous flfiBroew p0i?tiQ3c^# 
A nvBiliQr of nap twaoalaalbic i^5?w»os «a*ial2JS 
mosaic 0^i>tcc« (m brlAj«i itoir® \tm& jrQ|K3rt«3d» 't^ :^ ? <llfres?i3 
in WBSs^ wmspm^ vith the VSJPUBQB aeterilioS ®o feu- ofi lirroijal* 
f1i@ -^ 12118 oauiilng ©niaio dinotoo GO Solaa^M m i^oogdrm cleoepi* 
bd<l lay A}.a^aii6«rl (1937) is slailns* to Jm? in {ming r@Btrietedi 
to tlie ftcsiar soiaasoMo* fhwo mm oa3r s l i ^ t diffot^eooeo 
as fftf &8 pli^sieal ppopoaptiee la plant awip ara eooeeimodii lo 
« 144 » 
W AlMHCKdrl* 19io vlFtts e«i38las nKJSQic OiBome of I^ I^A^QI. 
lemptcn <&'prG8eicxi m Win^ml mid Hn not bolBg sap tprnis* 
% I'^ i^i^ uEi 43.v'€'iJ tilso Fi3s a ijout vm&u msaiaif%(Slt^ to 
frm a-mf0 im^um m mmsm BMiMm oi»o atff®«9 
89 !«3sts of titQ vUxiM W ^mig'CQm yospQ imtaseoptlblQ to 
JifW. iio ftasttiui' ca^iiarisoa of tlics two virosess i® poaaibia 
as uo iafoi€:iat.im m othLr aupecte was s»c,^ o^ t8fi tjgf Fc5»gi^ ci»» 
vUl^ iom lB8?aseisptlbl.c f© IK?1?» ft; f-jae u ttioit!^:! iaaetivatlcm 
poixxt of ^ c laaa dllutioa «<! point of 10*^ m coDparod to 
ttio thonsaX tiaaotloQ point of @B^C U2i:l aiii:^iim cEia point of 
10"^ for dmt* tittf »«Btlxi@ tofocfcivo £0s» S ^ Jir ^ m stcM?ea 
ot toon tfinq^ oiAtaM «ls«rotB infootivity $& ^Qt&Sjmti tor ofo» 
ft»0 dtrfiwit vj^ MMi Ineltiiig noooSo disoaso l» 
t»pliijA% « « • gipa»lt<l If Qmotm mA mmxm (li9cm)* nm& of 
the five teolotts AHunriboft .wwbloii £»w in ajroptoa 
^spvMsloii OB ttM boots flod la pliroiool pioportioe In ploat 
oeip* !<dtor i>has!3a (X3©9' In ftirt£ier studies idmUfi@^ 
virus Qua &iod:)c« sis & stsmla Of cjeinb^jr rsosaio virus* 
afTifiiW 11303^  tiisc#0^7Q0 a t stojlii Imiil ml id®^ -not? 
rol©t©a to to&eeco rjoeaie t?litis« M tisc Gl»sme© of aagr 
ootlo %XUi -ITV mt en felio hmiM oi' oth«!^ JL:il'03?M'i;lc«i 
ru^ Offtod I t tD emeliidoti t**iati acme ©£' tlw i ao i a t^ t*os@>» 
mo t?X2i4c ifctoyted W ---otFi j ^ |jj^ » (3JX7) to oatiso t 
asu ao@«ia ^isssaso of briajal aiffopu tiith lin^f to sgnripto® 
^^q^rossiajf !iO0t «®ngo w^^  plTysicr*! propoi^tlys la plant 
8mp« '-©till i«s^  i^clmwllMjpl (1073} fusptl^r eljQ^©ct©i»la®a 
tti© viin® ma foani i t to Iwi e ophorloal paet^ol© lacwaiiriag 
36«^ Qta in dlQKSKartor* Tin^ iAm^Jtt^ i t as a a^ iir stf^in of 
mmtmbm isooaie vlxtui* 33W beltag Q floomoiss fllomcdtooi 
9iffti«l« tmmm no r«»«ttbli»ie<» with tii@ viinm ti«@Qrib@d l|r 
A 0ap tnaosriisolbl© aoMio diaoGBe o£ ^ l n j a l vaa 
<5«»4UPS1»^ IT •«•»& and lAi (1967)* 13i6 vinm tisks tf«i«:iittQA 
%m «> 
WJ^lMSSA SSSMkMi ix^^tod plsate In the tmll^ iolimname 
%/mf* • t^t^xl«<^ {iu3 Old uot i^9Dl£y loofiX l€>sic»s on ^^ QMSM* 
»l-4iii:i' Zo Sinful v^Q&lxi v-Ii?ua acao^ibocl I|r Vexiati 'Xi'.t f€l« 
ifeeap© i s no i^ifostiavim ©0 tp f^ io c^»pl»aos^ ol' tlic "9ijms 
.md /lil i s eoisai-'oro£'» (itSf'm'mt two. .Xiil?« 
(10735 «iiioh ysji ©idgmai^ ^ismsfSb&i h^ Fwcuocu CIOSI} sei<i 
Ofitm (3i064) la tm l£KX3@ftrlo |im>tt€'lo uhaat W mi M dicooitsr* 
(1:S^> bos lieoilUfion i»QtUeX@@ meotiurSiis aiKXiau :$ DO tm* 
i>«nreciii viviisiMi v«porte(3 to iiMiisoo S^ OOQIO f^^ptcxas 
jpoportfiS to. Ch@ llt«tntuv« to f«p« 
wm m£twm nitfe t ^ ottidi? iriinioai ^mwihnA to HBOP 
partieiM* cii tlie txuiia of Q5^ ei^ tciB»%>lo@rf lio»t 9mm& mA 
• 347 • 
ai43t3Uict i?ii?U3 ^niiafe has uot boos s'eiTCsrtast so fi5Jf« f.-fJ 
"> 14B • 
mmhm 
m/Jmatmitimmimmmm inciwiiuw iiiniwm iiiiii<ii»imnii«>ii«»mxn»m—»°» 
vm Siwmtii'Mm% Mgl^ts*^ spools aiatr^itmtoa la 
0 i'£jt;42io© wciSBNj fooad to bo taoot® of tlio visnjs* 
13J«5 vtroa •.]!.' not iGfeot 68 ot^j? sp«si€io» Tsio 
3' ^^icii; ,j€^ foim? t» bo s^antoDXoso cas'rif^ of ^ o 
vi.'Ofj* ru© 3ptj«^ icic, '„'^ »j*o S'cnm'^  to be locsul lesion 
lusts of tliv visiifjf uitab'iu for (imn%i:utlv(j essn^* 
tlaaf t|? gfafttog aad also tbg' ;;# iMBiGSi^* -5o t»cna« 
3* &^ hm m WmmLl li^ativntiiii point of 'Ki% aUxLtlaa 
mfS polat oi ICT^ aii«l jpvtaSxuj lof cxstlvitsr ap to 4B h? 
fectt aot 60 M* a% fix» tQQp&fatQp^ « 
AtlwdUMd t t e lilitM»t o@Qe«its9atlL<m la XfMvea of 
6t 0«8 t! {}i)0B|3tiftt« tKiffir F'' '^ «0 1109 fooQd to provide 
tb« QGst foiteblA «i»rir«ii3cnt for eiamtalaliig tkm 
laioetivit^ of SM?* 
or tiTO 1?it-OS x?lt!'i '"5#s^  ptjQonJmt© tH-iffuap pi! 7»0 md 
seatt»3i^' tei6. oa swstjoe dloooitji? gi«diuat eaitel-
pv«pMMtttca of SMV 0hcwoa flieimoiia filsiBaitcxui 
pttrUelQS atasurfag 030 tm Hjma Gad X6*B zss ^SA9* 
nicKifpJfoeipltSa teet t l t?e of 512* t^urincni 
viroa pffc^rotioi aa'-t sap fnx-^  Isifsjct^ S plaais 
f0v !&o vi£m eatisJug no-saio i^S£iLD«? In stir.aeh» 
]£• Sffinr lias a tbofoaX Inaetivatim poSnt ef €S^ , ai'ti^ 
t lm Qod polAt oC ]yQr^  @i^  spetatos Infect ivit^ vxp to 
96 to tmt not 2IK> IMP «t vocci toc^ p«««itiire« 
ID* ^mf s^ esieh@d highest &€mmk1»utimi Sn larlnjaX 
pXmts @ (l%8 after meefimioaX jnooulstim* tlid 
2t;* ^ t^l !<i pfeos!)!i£4to tM£Sm p7i 7*0 vas faoi-ifl to prafi0im 
tfe« i-:ioat sulteljio wri^r!siiit IW Jmiat^iatoe tli© 
raat2yiwl^ ' f03? isolation of tli«> vims lavolv©ia 
©^.tnetioi or tlie vlaras la 04. ?'! p!io©|»t:feit0 tsuffer 
p}2 7*0 m'l ohto^fowi ijapocls/itatim f t^ia Hko osrtpoet 
©oitiiirili^ -wii v! 'MCI 'vTi^ i €5 p « em« P J. ^osaspoR-
nisK 0f i^QQlpSMi%& $30, 0 mill pli08p!mto p!i 7»0 'tm£tm 
milmml Uf am «r/cX© of dlffweitiai oaitrlfucation. 
(l@Ei#it3r gf^dleit odeitrifi%r£tl.cii# 
isaimtivtlt^ iw »0rmml des^B yhm. atc^od at 10%* 
84 • Purifiod sMMiNiMitlQB gAire a t^ rpiOQl ntssXoopiPiitoiii 
•^MtfitB lia W tpootvoophototaot^r* 
i^« ritylfldd iriams pf«|pttratlcc osmibitoti me light aootter* 
lug ttsnd on sooxos* 4«i8lt^ gs«diflrit emtrlfiigatlcii* 
Tim ne^iamtmtim ooeffieiont for ^le pmk ^mi eftlim«* 
l&ti»a to tm 160 a« 
27* ^^ hen mm^ined ia tbe #l«atrcfi laierovd^e imrifiei 
prispss»eti«3» of IW? 8boy«d fICKUOUB filasikajtoae parti* 
c l ^ nmmxgim ^ ^ *© ?S0 OK luais sad i3 aa iiMe* 
jpipocipitSn test titiNi ©f 1CKM» Hirlfi^l vtw© pi'epe-
m t i ^ m^Hi sQp trm iafc^t^d pXatut® f,m® m® linQ of 
Mltb, lioQltlsi^  plmt sup* l ^ f €M ssot shoif QB^ Qm&^ 
Xccie&X r©lati<m3lii|t %?i^  tiebdoQo @teht nstmta noiiai/o 
and spliifiiih n^ftSo yfimmmit 
ao« Xt mm emmtvtiii9d frcm tti@ atiiiios tliat n^l? is a 
hitiiirte «i4«®«iPi1}ea vlime* fli® Beso IsriitjaX mlM 
momi9 wtrm [ aA f *A i r/s i sA ] fos* the? vixtw 
«ciiiilAc «iH aM«ie iiBmM9 in, l»risi|al haet 1>0Cii 
IS& * 
AXbeirtesiait P«A» iwm)* ftuetttim of ooU po^Hiielos i ^ 
r^cnsf Heir tQ9km & 
MmMi^if *;•?• (1D37)» 
•}i£muttf C»i;» (XD4^)« LitGtdi^ t^ do dor t7&risi.'ii@sieci eitf 
o«rg| i!«[^ « (ii}64}. •itwdlos <m i»op3«3P oosiii© vlmii 
QlM«fav«9 iUB^ (X961)« iitMQ -mop&tttm of four sf^mlnn f^  
31«ok| hM* 0MB}^ 
Bntle6», »lttr««a>ll.(X9«>}» OMiiitgr f M ^ i e t owi^ifugeitioQ and 
» IM • 
Qrots f!i9rpliol089^  dona BmvQlJoest Q» 
cilaigfttfKS paint vinssno* Ms* 
djji««»« la brlnjel. In tlto &momi* 
'KSt*fll^ J^ i^ s'''^ '^*' ^^ *^-^ ^^ ^^ ^^ ** 
ISsal^ Ot® (3.063) • 
time faetOTS arfeetnig tHe 
ani p«« soaaia vijmaaa li^  
:3@XQ, '.vr# CiO©4), §a|H»ti!«iMisi8sibi« tsoaaio dia^^a &t aolfoiaeooiis oropa Izi lVliiid«i« 
A atmla of autnwiiar vHna 1 
JUKfaotlmui ^ ^llgl)l>va8iat«&t 
A«s* caa«a (3^63)* Bmt itii&:; laottla dis«iaa» 
ravgaafiiii X«A«C* <X96l)« stMir vifna 4ia«aa«a of aoSanaaaooa 
ploata la Tst^xdOtA* ZimLMM* 
FMiMlidlf ft«X«Aft CX066)* Sana faatata affiMitlag pa«<ti«Xa 
X«agm ^atr l lmt laB la lebaaao 
wiMnalft trijNia ttvaaaaa^liaiui* 
PttXtm, Jr,p» <Xfi60)# stndliia «R atvalaa af e««iiebar Tlfisa 
m 200 «. 
A aw ana r»i^ i!3 etcthoa f «r l9ol«tiiie 
ri^^pt* T»^ » (i^63)f 
'gMiy !«;;<• (mia)» 
ikf hmt f^lloiis Tiros flla^smts* 




Hmfon&t ti«^l» f C107D)« r^W|A 
llli#ltf G«a* (19@3)* 
Purif ioatlm #f pea enatlen stosQle 
m^itmm$ B«B(i#* (tBiO)* 
ismitfitt £ N R tanip yelldn BOMI0 
VtratjHNIlNUnitllllS* yigiiiiMart M * 
* ws> •• 
^ "-nit.milt,, QmUt Sfii* ^^* 
Omhtmtm^f o# €1968) * Dirfu0im<»in»g&i m^iMa for 
Oaelit«rica5yt C'» <Xt)6g)» Jtf it«Bioa»iri«g«i methcKle f«e 
Porl»r, c»A# (i^jG). 
Prio@9 40« ( l as i ) * XiOlQtlm ana 8tU% of SGB0 Sr&3.10lf 
it 7143*761 • 
EO08» . U r , C13®4>« 
IS t tO l l 0«S» (101D>« 
«»«0e* mkiiv* rumiM Prose t 
Soot r^Uiwt ifixm* Mt i>ffiffiftoi|in 
mmmlf ii*:* (1071 )# 
SotlEloiclort Z«R» (1963)» 
BOai3« 
eolatim of t^bntoo sooaio •!!«§ la 
tSM oQttoaoo pHooo of oiaflpoftwp 
this { l^onoMBtt ibi irjyrao 
ifiliittftt Uh£i 90«s@L* 
m 3yB7 * 
$ t^« Hfttt ik m>wm& 9ta6im m si new ao»Bi« 
"nfisiam 
B* Ha^ (1967)* 
l l ^ « 5 I ^ P ^ ^^ ^®'^ » iiUssxai&f 
•.lMi»at "^^ •^ '* C3^^5< a oi3Kpai.*»tl^ *^  slRic^ Of five s«p 
tran«i@tible iriims®® i s o l a t e 
twtm siosele liifoetsd brinjal 
C^ 'If u}» iwtaim* 
>x* 
iit®ilfc&'t iVU ^ '^ «f isol^'tloii &£ tiibmnQO rUig spat 
u 
tta-nlcgTy .#.« ao^fk)* 1!h@ ioolat&en miS propertios of 
i;tC)riXi(^ i J^« (1939!})# Uolatlm, of virus fvom plm%& 
wmm\m9& ftm. %h& toiwooo ylag spot 
Bt96Vft| B«L» (!La£t@)« 
tobneoft ring spot ¥iiii«t 
v^3.Tett«rf E*E« (1962) • Coapttpotivo trfliist&iiHiim of boot 
iMMMilo Vitus ^F tmxt ^^tklA 9pmim^ 
vi^  (ijiiyn^ ^ 
iTaa ^mmm^ h* OM7)* Ihs^ttijcu^^ttm eM proportion eC 
vlmafiB* III* ttie «ni]!'ifl£!Atii& isf 
lobi^ efto sio&a&ii 7ini« efkd potato 
stitt e)ott3« viKifl lis" clirasfttogifsi^ 
en e@iiu3i3s@ nolvsiam vitli po3y@tf)Qrl«fMi 
g3ar«Q]. emtalQlog sif^ Mticn® as 
«.11«I^ * H^^ll (1964b) ft eiu»»at«ex'AP^ie fnsrlfie&tiea o€ 
trltli po39r0t!^ 1.«ft@ gli^eeS. oontaJtolng 
!?• lis! <1%7)» i^ sotts^di^ ^ Of a mosaic Sisoao© m 
n j-t 
W@tll0»y M«4* C«yM2)« :^^a» tj«®t f®Xlm firnm* &, pp^li* Qlaaxsr aeoouat of €^poriiscBt« tad 
ol>@«mraiictfaif m, ita <aff«Qt on tlio 
